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TYPE V1HJ-G8 


Miniature Vane 
Axial Blower 


Maximum air delivery 
in the smallest package 


Combining a unique mechanical and aero 
dynamic design with EAD’s standard, re- 
liable 1” diameter motor has resulted in 
this extremely compact and efficient fan 
In addition to the 2 pole characteristics 
listed below, EAD can supply 4 and 6 
pole designs and models for operation 
from 1600-cycle and variable frequency 
power sources. Here is another develop- 
ment in the growing family of EAD V- 
Line vane axial blowers 


TYPICAL CHARACTERISTICS 


115 Volt + 400 cycles 1.5” total length 
single or three phase 1.990” housing 


19,000 RPM nominal diameter 
Available with 


65 CFM at 0” SP 1. Leads 

35 CFM at 2.3” SP 2. Terminals on 
mounting flang: 

Life in excess of 3. Terminals on 

1000 hours at 125°C. housing 


Write for complete technical data 





Magnetics, metallurgy, lubrication, insulation ... these and other tech- 
nologies have been advanced by progressive engineering and produc 
tion personnel at Eastern Air Devices to make a science of “the act of 
turning.” Since 1942, this scientific approach to the improvement and 
development of precision rotating devices has resulted in higher output 
efficiencies, reliable operation in higher ambients and superior per 
formance characteristics under the most severe environmental conditions 
In addition to continued product improvement, the application of this 
science has developed a number of firsts, including variable frequency 
motors, pure sine wave alternators and thermistor compensation of in 
tegrating tachometers. Combine this technical ability with high volume 
production, unsurpassed quality control, parts standardization for lower 
cost, and you can see why EAD has been specified by leading systems 


manufacturers for nearly two decades. 


EASTERN AIR DEVICES, INC. 
Subsidiary of Norbute Corporation + Dover, New Hampshire 


INDUCTICN MOTORS e@ SERV¢ MOTOR e HYSTERS aA . b 
INTEGRATING TACHOMETERS ANI MOT R TACH METER . WER 
INERTIALLY DAMPED SERV(¢ MOTOR e 7 RQUE M T f e@ FAN 
CAMPING MOTOR TA HOMETERS e ,EAR M TOR e ALTERNAT R 
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Aeroquip Quick-Disconnect Couplings and: 
Hose Lines of Teflon Speed ‘Hound Dog’ Handling 


Hound Dog, the Air Force's new air-to-surface nuclear-armed missile, 
lengthens and strengthens the retaliatory arm of the Strategic Air 
Command. Designed and manufactured by North American's Missile 
Division, the GAM—77 Hound Dog is equipped with Aeroquip Hose 
Lines of Teflon and Quick Disconnect Couplings. Used on its internal 
hydraulic system and on ground service checkout equipment, these 
Aeroquip products speed handling and checkout of system components. 

As the leading designer and producer of fluid line products for 
aircraft /missile systems, Aeroquip can offer complete engineering and 
manufacturing facilities to meet your fluid system problems. Mail the 
coupon below for specific product information, or outline your problem 
to our sales engineering department. 


==7eroquip 


AEROQUIP CORPORATION, JACKSON, MICHIGAN 
AEROQUIP CORPORATION, WESTERN DIVISION, BURBANK, CALIFORNIA 
AEROQUIP (CANADA) LTD., TORONTO 19, ONTARIO 


AEROQUIP PRODUCTS ARE FULLY PROTECTED BY PATENTS IN CANADA, USA. & ABROAD 








AEROQUIP CORPORATION, JACKSON, MICHIGAN — PLEASE SEND LITERATURE AS INDICATED: M& R-11 

] Large diameter hose lines of 5 Large diameter formed tubing. | NAME 

Teflon for corrosive fluids. Fuel and oil quick-disconnect - —_____—_—_ —_ 
? 6000 psi. pneumatic hose of 6 couplings in accordance with | TITLE 

Teflon for charging systems. ‘ MIL-C-7413A. ————ee — 

1500 psi. hose lines of Tefion Precision tube and hose as- | 
3 for fuel, hydraulic and pneu- | | ] semblies. t TL A . —_ 

matic systems. 8 3000 psi. quick-disconnect [ aneesee 

3000 psi. hose lines of Teflon — A pneumatic and 2 — — 

for hydraulic and pneumatic | hydraulic systems. . — 

systems. 68-page Coteten £108 covering [ | & — ZONE S oan 

Hose Lines of Teflon. ; il eae ell 
“super g@erme** is an Aeroquip trademark. *U.S. Patent Nos. 2,833 567 and 2,73 9. Teflon is DuPont's tradename for its tetrafluoroeth e resin 
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Aeroquip Hose of Teflon with patented* 
“super gem” Reusable Fittings and 3200 
Quick Disconnect Coupling shown here on the 
Hound Dog Missile, are also used on the 
external check-out system. 











FOR 
SUPER-FINE 
CUTTING 
OF HARD, BRITTLE MATERIALS... 


vee an Industrial 
hhbMohue Airbrasive Unit 


We cut a section from this fragile sea shell just to show that in a matter 
of seconds almost any hard, brittle material can be cut or abraded with 
the S.S. White Industrial Airbrasive Unit. 

Cool, shockless, super-precise, the unit uses a controlled stream of 
fine abrasive, gas-propelled through a small nozzle. It is so flexible in 
operation that the same simple tool can frost a large area or can make 


a cut as fine as .008” . . . on a production basis! 

Almost every day new uses are being discovered for the Airbrasive 
Unit, in the lab or on the production line .. . shaping .. . deburring.. . 
wire-stripping . . . drilling . . . engraving. . . frosting . . . materials test- 
ing .. . Cleaning off surface coatings. 

All types of hard brittle materials . glass, germanium and other 


fragile crystals, ceramics, minerals, oxides, metal, certain plastics. 


Send us your most difficult samples and 
we will test them for you. 


SEND FOR 


BULLETIN 5705A 
...complete information 





one . —“Oo 


New dual Model D! 


S.S. WHITE INDUSTRIAL DIVISION + Dept. 20A+10 East 40th Street, New York 16, N. Y. 


Exclusive representative: for Arizono and California * WEIGHTMAN AND ASSOCIATES, Burbank, Calif 
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COVER: This shiny ball of 
beryllium is the heart of a new 
kind of gyroscope being devel- 
oped by Minneapolis-Honeywell 
It is designed to spin at high 
speed while held in position by 


electrical forces 





COLD-CATHODE electron tube 
under development by Westing- 
house research laboratories uses 
silicon carbide (inside the car- 
tridge) as emitter. A survey of 
semiconductor industry starts on 
p. 23 


, 





MINIATURE tape recorder by 
Ampex recently survived in 
good working order after trip in 
instrumentation portion (similar 
to above) of missile nose cone 
For the story, turn to p. 31 


- 


r 
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RADAR simulator by Servonics 
is being used by Navy for simu- 
lating blips of attacking enemy. 
It may be used to train anti-mis- 
sile batteries. See the report be- 
ginning on p. 37 
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32,200 copies of this issue printed 


) NovemBeR 30 HEADLINES 


World's Biggest Solar Energy Converter Used to Open 
Hoffman Semiconductor Plant ................00048- 


‘Who Says There's a Space Race?’ 

A condensation of a penetrating speech by Dr. Eberhardt Rechtin, 
Chief of the Telecommunications Division, Jet Propulsion Labora 
tory, NASA, summing up Soviet gains from space feats and 
calling on the United States to decide whether to drop out of 
space or accept the challenge—and its costs 


Abstracts from the ARS Washington Meeting 
A further listing of significant papers presented during the recent 


sessions 


> ASTRONAUTICS ENGINEERING 


U.S. Reg. Pdg 


Air Force Pushes for Big Solid Boosters 
Industry is expecting a decision soon on a feasibility contract for 
developing a one-million-pound-thrust rocket 


a ASTRIONICS 


The Exploding Semiconductor Industry 
It is already a half-billion-dollar-a-year business, and the total 
may double in five years unless imports hit the defense market 


Tiny Recorder Survives Missile Flight, Dunking 
Ampex unit performs perfectly when retrieved after flight in AF 
missile nose cone and nine days in the Atlantic 


y MISSILE SUPPORT 


U.S. Reg. Pdg 


Radar Operational Simulation Keeps Navy Alert 


Servonics device already operational supplies realistic blips, 


could be used in solving tactical problems 


> THE MISSILE WEEK 


U.S. Reg. Pdg 


Washington Countdown ....... 2... 5.50 e eee eennes 
industry Countdown ........2c cece cccrcccccevers 
More About the Missile Week ..............55055. 


> DEPARTMENTS 


When and Where 14 West Coast Industry 
Propulsion Engineering 35 People 
New Missile Products 46, 47 Contracts 


Editorial $4 
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For Control of Accidentally Ignited Missiles 
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Fire Detector-Water Injection Nozzle 
es 8 5&8 
i 
— a) 
‘* ( terre 
Missiles are among the most The same experience in solvi 
destructive weapons in our fast- tough fire problems is availabk 
growing arsenal. Their storage, | ie to you. Let Grinnell be respon- 
particularly aboard naval craft, WE sible for the fire protection 
creates critical problems. So vour next installation — whet! 
Grinnell and the Navy collabo- it requires standard equipment, 
rated on the development of this or special development wo 
Fire Detector - Water Injection Remember, Grinnell’s specialt 
Nozzle. This device is actuated is fire protection ... witha ba 
by shock waves should fire start ground of successful research, 
in a missile booster. Then, almost engineering, manufacturing 
instantaneously, the nozzle deliv- and installation for 89 vears. 
ers a stream of water to control Grinnell Company, Providence 1, 
or extinguish the burning. Rhode Island. 


GRINNELL 


Research, Engineering, Manufacturing and Installation of Fire Protection Systems since 1870 
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Washington Countdown 


IN THE PENTAGON 


Fate of Nike-Zeus . . . 

in the FY 1961 budget appears dim as far as 
getting the more than $1 billion needed to 
begin production is concerned. Army officials 
are looking more hopefully at the idea of get- 
ting production money in a supplemental ap- 
propriation bill later next year for the big 
Western Electric AICBM. 


Dyna-Soar money ... 
still left in the Air Force’s pocket for FY 1960 
is reported to total about $35 million. Some 
new word on contracts for the Boeing-Martin 
spacecraft is expected by Christmas. 

e e 


Super Lockheed Polarises . . . 

designed to travel 2500 miles are being pro- 

posed as a possible Navy answer to the Air 

Force’s Minuteman. The Polarises would be 

deployed on fleet ballistic missile submarines 

larger than current models or on surface ships 
a . 


Air Force astronauts . . . 
are being quietly trained for military space 
missions. The training program is generally 
similar to the one being undergone by the 
inter-service group of astronauts taking part 
in NASA’s Project Mercury. 


ON CAPITOL HILL 


Space patent policies . 
will get a second going over in less than two 
weeks. A House Space Subcommittee investi- 
gation of NASA patent regulations in early 
December will be followed by a Senate Mon- 
oply Subcommittee investigation of federal 
scientific patent policies in general 

-_ 7 ° 


Unfinished business . 
that will confront Congress when it returns in 
January includes: 

Proposed bills that would further re- 
organize the Armed Forces in the direction of 
greater unification. 

... An expected blistering report from the 
House Hebert Subcommittee’s investigation of 
the “munitions lobby.” The subcommittee 
plans to call for stricter legislation. 

Proposed bills that would strengthen 
the weapon system concept of developing de- 
fense projects. 

A rear-guard fight to strip the Armed 
Service Committees of power to authorize 
missile procurement programs beginning in 
196] 


At NASA 


Space budget problems .. . 

for NASA include whether to go for a size- 
able supplemental appropriation in January 
or lump all requests in its new budget for FY 
1961. Speculation on how much NASA will 
seek for "61 is ranging between $750 million 
and $1 billion. 


A “white paper” . . 
outlining U.S. national objectives in space ts 
understood to be under preparation by NASA 
officials. It would be used to support NASA's 
space programs. However, NASA Chief T. 
Keith Glennan swears “up and down” that he 
knows nothing about the paper. 

> . e 
The Thanksgiving moon shot .. . 
was dogged by difficulties. The Able stage of 
the Atlas Able rocket was damaged and NASA 
officials had to scrounge around for a sub- 
stitute. (They took one scheduled for a Tiros 
shot next year.) And the Atlas adapter ring 
was bent twice—once each time an Able ve- 
hicle was hoisted into place. 

. e . 
No chances were taken .. . 
that the Atlas Able finally assembled would 
blow up during a static test as the last one 
did in October. The solution was simple: 
NASA skipped the static test altogether 


AROUND TOWN 
A huge red rocket. . . 


may be under development despite Soviet 

denials. The sun shot forecast by Soviet Dep- 

uty Premier Mikoyan would have to be travel- 

ling at 25.5 miles/second at burnout—a feat 

requiring a new high energy fuel or a booster 

with upwards of a million pounds of thrust 
. or both. 


Lunik lil is doomed .. . 
to a short life because of orbit problems. 
Soviet Space Scientist Leonid Sedov told U.S. 
colleagues that torsional forces from the sun 
are pushing Lunik I/1 closer and closer to the 
earth because of the high angle of inclination 
70 degrees—of the space vehicle’s orbit 
from the equator. 
° e 


Other reports .. . 
heard around the nation’s capital 
.. The Russians may hold a convention 
of Soviet rocket experts. 
.. . Jupiter shipments to Italy are expected 
to begin early next year 





AEROJET 


for 


rocket 


power: 


ARMY’S HAWK 


Solid-propellant 

rocket engines 

for the Army’s ground-to-air 
HAWK were developed 
and are being 
manufactured at Aerojet’s 
Solid Rocket Plant 

near Sacramento, 


(@eithielaalick 


A SUBSIDIARY OF THE GENERAL TIRE & RUBBER COMPANY 
Engineers, scientists — investigate outstanding opportunities at Aerojet. (Plants at Azusa and ne Sacramento, Calif.) 
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Industry Countdown 


MANUFACTURING 


Underground silo launching . . . 

for Minuteman is proving much tougher than 
anticipated. Initial tests have shown some 
radical new approaches are needed in the 
design of the silo to overcome destructive 
acoustics and heat generated at blast-off. The 
problem is so serious, the Air Force reportedly 
is considering switching Minuteman to an 
elevator type launcher similar to the one to 
be used by Titan, which raises the missile out 
of the silo for launching. 

e . e 


France holds poor market. . . 

prospect for U.S. missile suppliers. The 1960 
French defense budget earmarks only $22 mil- 
lion for development of a long range ballistic 
missile. About $66 million is allocated for 
three French Army Hawk anti-aircraft missile 
units. These are being produced jointly with 
Germany, Belgium, Holland and Italy under 
the system managership of a French firm- 
Thomson-Houston Co. 

. e . 


Dispersion of Snark... 
missiles now “bunched up” at Presque Isle 
AFB in Maine is being proposed to improve 
their value as a deterrent weapon. Idea would 
be to scatter a squadron—putting two missiles 
to a “satellite site” consisting of a $250,000 
tilt-up reinforced concrete building capable of 
withstanding 20 psi overpressures. A number 
of dispersed Snarks would be a cheap method, 
it is argued, of forcing up the cost to an 
enemy of knocking them all out 

. * ° 


Anticipating a boil-up . . 
in Congress, DOD is now moving to insure 
greater small business participation. It has in- 
voked a mandatory program applicable to all 
procurement contracts over $1 million. The 
program replaces a voluntary one which re- 
sulted in only a slight increase in small busi- 
ness subcontracting in the first six months of 
this year 

7 a * 
New steel alloy .. . 
packing about 7% more strength per weight 
unit than other structural alloy steels is claimed 
by U.S. Steel. Called “Strux,” the alloy can be 
heat treated to develop tensile strengths of 
280,000 to 300,000 psi for use in missile parts. 


PROPULSION 


Cermetic nozzle .. . 
2-in. in diameter developed by Nuclear Ma- 
terials and Equipment Corp. has withstood a 


60-sec. blast of gases at over 4500 F. The 
alloy’s composition has not been revealed, but 
it is said to be lighter than most used in R&D 
nozzles for the same temperature range 

oa e a 


Good stability and 255 I.,, 
are claimed for Grand Central Rocket's new 
“Nitrosol” solid fuel—a polymer based on ni- 
trocellulose. Process and quality control are 
suited for mixing, casting and curing at launch 
site. 

2 - o 
Rocket engines for autos. . 
are being developed at Hagerty Research & 
Development Co., Tucson, Ariz. Fuel is nitrate 
and cellulose solid. Company claims when per- 
fected, the engine can power a car for 10 
hours on 50 cents worth of fuel. Speed: undis- 
closed 


ASTRIONICS 

Little hope . . . 
is held for thermomagnetic generation of 
power, Navy research shows the efficiency of 
such devices is too low. 

e . . 
Russians are recanting.. . 
their reported claim of a breakthrough in 
thermoelectricity (M/R, Nov. 16, p. 11.) They 
admit the device which supposedly obtained a 
thermal efficiency of 182% doesn’t exist and 
was, in fact, nothing more than an ordinary 
heat pump. 

. a so 
Look for NASA contract. . . 
decision soon on Sunflower | (solar heat 
source) and Snap 8 (nuclear heat source). Con- 
tenders are Thompson Products, Sunstrand, 
Allison and AiResearch Mfg. Big requirement 
is 10,000-hour operational life 


WE HEAR THAT— 


Unsuccessful bidders . . . 

for NASA contracts soon may be told why 
they lost out—a new policy . . . The part Bell 
Aircraft may play in the Air Force Dyna-Soar 
program is still undecided AiResearch 
Mfg. has come up with a 50-pound closed- 
circuit oxygen system for moon explorers . 

a copper-doped germanium crystal infrared de- 
tector has been developed by Hughes Aircraft's 
Santa Barbara Research Center which re- 
ported can track space satellites and ICBM’s 
at extreme distances. Device is said to be six 
times as sensitive as similar-type detectors in 
8-to-25 micron range . . . and Summers Gyro- 
scope is discussing possible mergers with sev- 
eral companies. 


More About the Missile Week on Page 41 

















































FABRICATION TESTS SHOW... 


Titanium rocket-motor cases can be built at least 30 
percent stronger (or lighter) than best available alter- 
nate metals; provide permanent corrosion resistance 
without protective coatings; withstand temperatures 
from —400°F to +800°F; will not absorb moisture 
which distorts critical parts in storage. 

Completed assemblies give a spectacular two-way 
pay-off ... immediately; provide a growth potential 
virtually unlimited. 

The alloy: Ti-13V-11Cr-3Al, the beta titanium alloy. 
Now available from Titanium Metals Corporation of 
America at commercial lead-times (billet, 2-3 weeks), 
beta may well become the metals story of the year. 


Welding of titanium at P&WA is bused on the company’s experience in produc- 
tion of more than 5800 jet engines containing titanium parts. Weld strength 
of beta titanium alloy is considerably improved by cold working the weld 


End Closure Titanium Forgings produced 
by Wyman-Gordon Company and 
machined by P & WA, will be eirth 
welded to the flow-turned cylinders yields integral cylinders, eliminates 
Bosses are an integral part of the need for longitudinal welds, con- 
closures. serves input metal. 
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Flow-turning from roll-forged rings 
makes feasible production of full 
scale titanium rocket cases, since it 
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Pilot rocket-motor cases manufactured by? 
& Whitney Aircraft from beta titanium, 
ri-13V-11Cr-3At have been consistently } 


tested at levels in excess of 235,000 psi 
strength/density ratio of 1,340,000 


that Pratt & Whitney 


production of tull-scale titanium cases ca 


So successful has been its titanium prog} 

Aircraft consid 
easily realized. Estimated initial burst streng 
a conservative 180,000 psi 
1,000,000 


a burst streng 
Readily attai 





density ratio ol 
1,250,000 


Reasons tor optimism, spelled out by PaNg 
engineers are: 


. “The welded beta titanium alloy is capabk} 


considerable plastic deformation prior tos 
ture. As welding has improved, the faij 
origins have moved into the thin wall (of, 
case itself). With beta titanium, the case te 
but doesn't fragment. 


. “We have successfully tested small scale titan 


cases with a steel equivalent yield strengths 
beyond the 300,000 psi point. Considering 
the metallurgy of metastable beta titanium ali 
is not far beyond its infancy, conservatively 

would predict strengths substantially higher t} 
the 320,000 psi equivalent as being g 

possible. 


. “Beta titanium has to develop (only) 146,000 


to be equivalent to 220,000 psi steel (whic 
almost near steel’s top limits). But titaniw 
great potential above other alloys is reflecte 
the high figure for practical (based on 
elongation) yield strength. At 180,000 bh 
titanium is equivalent to steel at 280,000 psi 
200,000 psi, beta titanium is equivalent to stee 
320,000 psi. 200,000 psi in beta titanium is pos 
ble, and obviously would mean substantially 
creased payload to the moon or out into spa 


. “Apart from the strengths attainable in the > 


titanium alloy, there is another property of ¢ 
siderable significance. Like other titanium alk 
it has excellent resistance to corrosion un 
normal atmospheric conditions, in salt water 
well as in many other media. 


New Titanium alloy takes the 


...in strength...in weight...in reliability...in pri 





“In considering the long time storage problem 


with rocket cases — a pit in a thin-walled casi 
can be catastrophic — we would regard the be 


titanium alloy, as the outstanding materit 


under consideration.” 
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PRATT & WHITNEY AIRCRAFT SURVEY OF ROCKET CASE MATERIALS 


GENERAL PROGRAM 


The goal: “A material capable of reaching 
300,000 psi yield strength in steel, with a 
considerable development margin.” 


The result: “While this goal had to be modi- 
fied for steel cases, we have successfully 
tested small scale titanium cases with a 
steel equivalent yield strength well beyond 
the 300,000 psi point.” 

Conclusions: 1. “By exercising reasonable 


care, the development of full scale (steel) 
cases at 240,000 psi is perfectly feasible. 


2. “Small scale (titanium) cases have been 
burst at stress levels as high as 260,000 psi 

. we are convinced that reliable cases 
can be manufactured (from titanium) at 
yield strength levels of 180,000 psi and 
over... at 180,000 beta titanium is equiv- 
alent to steel at 280,000 psi. 


“At 200,000 psi beta is equivalent to 
steel at 320,000 psi. 200,000 psi beta is 
possible and obviously would mean sub- 
stantially increased payload to the moon 
or out into space.” 


SPECIFIC COMPARISON: Corrosion Resistance 


Steel: “All of the low-alloy constructional 
steels which have been discussed are sub- 
ject to general rusting and, far more seri- 
ous, to pitting type corrosion during ma- 
chining, welding, heat treatment, pressure 
testing and final storage. Corrosion pits 
can act as severe stress-raisers and, in con- 
junction with hydrogen, have been demon- 


Titanium: “Like other titanium alloys, the 
beta titanium alloy has excellent resistance 
to corrosion under normal atmospheric 
conditions, in salt water as well as in many 
other media. 


“In considering the long-time storage 
problems with rocket cases—a pit in a thin- 


corrosion is a serious hazard.” 





e Reliability and growth . . . the parallel 


Pratt & Whitney Aircraft data reveal 
rocket-cases can now be built from beta 
titanium at strengths 17 percent greater 
than alternate metals, with beta tita- 
nium’s strengths bounding forward under 
a minimum of development. 


A striking parallel exists in liquid- 
fueled rocketry where titanium alloy 
Ti-6Al-4V was selected for helium stor- 
age bottles in the Atlas missile because 
of its strength/density ratio. Airite 
Products, Inc., a leading supplier of the 
titanium vessels, reports: 


“Minor modifications in processing 
techniques and continuous tightening 
of tolerances and other variables have 
shown an increase from the original 
5400 psig average burst pressure to 
the present average which is in excess 
of 9000 psig. 

“This has been done without increas- 
ing the weight of the article by one 
ounce. Weight of the unit, incidentally 
is controlled to a tolerance of plus or 
minus one-half pound, on a weight of 79 
pounds, and volume is controlled and 
guaranteed to plus or minus one percent.” 


While the performance of the titanium 
pressure vessels has been almost 
doubled, the price has been reduced 
almost 50 percent — and the missile 
has become operational. 
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strated to cause catastrophic failure. It 
therefore goes without saving that pitting 


walled casing can be catastrophic — we 
would regard the beta titanium alloy as the 
outstanding material under consideration.” 


e When a case fails, so does the missile 


Ihe price of completed beta titanium 
rocket-cases is now estimated at 2% 
times the price of other metals. with 
titanium cases virtually in their infancy. 
Should the titanium cost difference re- 
main, the pay-off would still be two-fold: 


1. Cost: engineering time, would be 
greatly curtailed; expensive fuels 
(for example. 30 pounds of fuel are 
required in earlier stages for each 
additional third-stage pound) would 
be Say ed 


~ 


Reliability: titanium cases simply will 
not pit, rust, deliquesce. or become 
hydrogen embrittled 


Added together, these elements 
mean feasibility—feasibility supported 
by the commercial availability of the 
metal itself. Beta titanium alloy 
Ti-13V-11Cr-3Al is available from 
Titanium Metals Corporation of 
America at these lead times: billet, 
2-3 weeks; bar, 3-4 weeks; flat-roll, 
5-6 weeks. TMCA’s metallurgical ex- 
perience with the alloy is yours for 
the asking. 
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SPECIFIC COMPARISON: Strength 


Practical 
Yield Strength 


Alloy Density (5% elongation) 
Ti-6AI-4V 0.1612 /in? 155 ksi 
steel at 270 ksi 
Ti-13V-11Cr-3Al 0.1752 /in? 180 ksi 
(Beta) steel at 280 ksi 
190 ksi 
stee! at 305 ksi 
200 ksi 


steel at 320 ksi 


Burst Test 
Results show 
titanium has 
provided con- 
sistent burst 
strengths of 
235,000 psi 
burst 
strength/ 
density ratio 
of 1,340,000. 
Failure occurs 
in the wall of 
the case itself 
— not the weld 
zones. Titani- 
um cases do 
not fragment 


- @ 











For further information, write 
for TMCA Data Bulletin All-Beta 
Titanium for Solid Rocket Pressure 

Chambers. Extensive welding 


information is included. 
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——when and where 


DECEMBER 
patterns for tomorrow Rocket and Missile Symposium, USAF 


Arnold Engineering Development Cen. 9 
ter and ARO, Inc., Arnold Air Force : 
Station, Tullahoma, Tenn., Dec. 1-2, 





for holders of advanced degrees now exist in Boeing Wichita’s tremen- 

dously expanded long-range research and development program for 
PHYSICISTS or ELECTRICAL RESEARCH ENGINEERS to conduct acoustics a 

; : 3 7 National Conference on Application of 

and noise contro! research supporting advanced designs; to analyze MicstGedi fastfefien, Sheraton till 

survival properties of advanced vehicles in present and future environ- ~y: a co Hotels, Washington 
ments; and evaluate the potential of vehicle defense proposals... a . 

. American Institute of Chemical Engineers, 

ANTENNA DESIGN ENGINEERS to conduct research and development Shed Annual Mestine, Sheraten-Pelal 
leading to miniaturization of antennas by use of loading dielectrics Hotel, San Francisco, Dec. 6-9 

and /or ferrites... CONFIGURATION DESIGNERS to create military American Management Association, Brief 


ing Session on the Defense Market, | 


Eastern Joint Computer Conference, Stat 
ler Hilton Hotel, Boston, Dec. 1-3 


and civilian vehicle designs based on general missions param- Ambesender Vistel, Les Anasles, tl 

eters... DYNAMIC LOADS ENGINEERS to conduct research ’ 

in existing and future air/space loads... OPERATIONS First Aerospace Finishing Symposium, 
sponsored by Southwest Society of 


AND WEAPONS SYSTEM ANALYSTS to estimate operational Aircraft Materials and Process En- 





utilities of various devices under study by Advanced neice Miameiones aac 
Design and recommended optimum design param- Hotel Texas, Fort Worth, Dec. 8-9. 
eters, using advanced (IBM-709) computer Institute of Environmental Sciences, New 
: - : York Metropolitan Chapter, Technical 
aids. Qualified engineers Should Symposium and Product Exhibition, | 
communicate their interest in Henry Hudson Hotel, New York City, ] 
Dec. 10-11 


any of these top positions 
to Employment Manager, 

Mr. Melvin Vobach, 
Boeing Airplane Co., 
Department N16, 
Wichita 1, Kans. 


1960 


Sixth National Symposium on Reliability 
and Quality Control in Electronics, 
Statler-Hilton Hotel, Washington, D.C 
Jan 11-13 







American Astronautical Society, Sixth 
Annual Meeting, New York City, Jan 
18-2] 


Institute of Radio Engineers, 1960 Winter 
Convention on Military Electronics, 
Biltmore Hotel, Los Angeles, Feb. 3-5 


Engineering Materials and Design Exhibi- 

tion and Conference, Earls Court 
| , 
22 f 


London, Feb 


Univac Users Association, Semi-annual 
Meeting, Greenbrier Hotel, White Sul 
phur Springs, W.Va., Feb. 25-26 


American Rocket Society, Structural De 
sign of Space Vehicles Conference 
Biltmore Hotel, Santa Barbara, Calif 
April 6-8 


American Welding Society, 4!st Annual 
Meeting and Welding Exposition, Los 
Angeles, April 25-29 


\\) 


National Association of Relay Manufac- 
turers, Eighth Annual Conference on 
Electromagnetic Relays, Oklahoma 


LV 
ALVA 


\ 











LAL 
\} 
a) | 


! BOEING WsILMHITA State University, Stillwater, May 3-5 

Fourth Annual Summer Conference on 
Vacuum Metallurgy, New York Uni- 
versity’s College of Engineering, NYU 
University Heights Campus, (Bronx), 
New York City, June 2-3. 
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BASIC : 
BUILDING BLOCKS 
FROM KEARFOTT 


Analog- 
to-Digital 
Converters 


Kearfott’s rugged shaft 
position-to-digital convert- 
ers are résistant to high 
shock and vibration and 
high and low temperature 
environments. Ideally 
suited for missile applica- 
tions, these converters are 
available for many uses, 
including latitude, longi- 
tude, azimuth or con- 
ventional angular shaft 
displacement conversion 
and decimal count conver- 
sion. Exclusive drum 
design provides large con- 
version capacity in smallest 
size. Combination counter 
converter assemblies for 
both visual and electrical 
readout also available. 


TYPICAL 
CHARACTERISTICS 


Kearfott Unit No P1241-11A 
Code Cyclic Binary 
Range 0-32,768 (2'*) 
Bits per Revolution 16 
Revolutions for Total Range 
2,04 
Volts D.C. 10 
Current (ma.) 
Inertia (gm. cm 
Unit Diameter (in 1% 
Unit Length (in 
Life 10° Revolutions or 10° hours 
Static Torque (in.-oz 2 (break) 
] (running) 
Weight (0z.) 5 
Maximum Speed (RPM) 600 
Write for new ADAC 
brochure. 


—_ o 
ie 
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Engineers: Kearfou offers challenging opportunities in 





BASIC 
BUILDING BLOCKS 
FROM KEARFOTT 


20 Second 
Synchro 


This synchro, just one of a 
broad line offered by 
Kearfott, provides the 
extreme accuracy required 
in today’s data trans- 
mission systems. Kearfott 
synchro resolvers enable 
system designers to achieve 
unusual accuracy without 
the need for 2-speed servos 
and elaborate electronics. 
By proper impedance 
matches,up to 64 resolver 
control transformers can 
also operate from one 
resolver transmitter. 
TYPICAL 
CHARACTERISTICS SIZE 25 
Control 
Transmitter Transformer 
Z75161-001 25151-003 


Type Resolver 
Part Number 


Excit. Volts 
(Max 115 90 


Frequency (cps 400 400 
Primary imped 400/80° 8500/80° 
Secondary imped. 260/80° 14000/80* 
Transform. Ratio 7826 1.278 
Max. Error fr. E.2. 20 seconds 20 seconds 
Primary Rotor Stator 


Write for complete data. 








advanced component and system development 
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BUILDING BLOCKS 
FROM KEARFOTT 


/ntegrating 
Tachometers 


Kearfott integrating ta- 
chometers, special types of 
rate generators, are almost 
invariably provided inte- 
grally coupled to a motor. 
They feature tachometer 
generators of high output- 
to-null ratio and are tem- 
perature stabilized or 
compensated for highest 
accuracy integration and 
rate computation. Linear- 
ity of these compact, light- 
weight tachometers ranges 
as low as .01% and is usu- 
ally better than + .1%. 


TYPICAL 
CHARACTERISTICS 


Size 11] 
(R860) 


Excitation Voltage (400 cps) 115 
Volts at 0 rpm (RMS) .020 
Volts at 1000 rpm (RMS) .... 2.75 
Phase shift at 3600 rpm 0 

Linearity at 0-3600 rpm 07 


Operating Temperature 
Range — 54° +125 


Write for complete data. 
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GENERAL 
PRECISION 
COMPANY 


KEARFOTT COMPANY, INC., LITTLE FALLS, WN. J. 
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"CAPABILITIES FOR DEFENSE 




















Westinghouse AN/FPS-27 Radar in operation at an Air Defense Command site 


m 
T 


A single Westinghouse radar gets a 3-D fix 
on the enemy...dilutes his jamming ability 


The AN/FPS-27, versatile 3-D radar designed by the West- 
inghouse Electronics Division for the Air Force’s Rome Air 
Development Center, is achieving new standards of perform- 
ance, reliability .. . and economy. Now under contract from 
the Rome Air Materiel Area, this high-power, stacked beam 
radar gathers range, azimuth and height data quickly and 
accurately while eliminating unwanted signals. These com- 
prehensive functions in a single radar represent the applica- 
tion of the latest state of the art radar techniques to our 





nation’s early warning defense. 








MAINTENANCE EASE: AN/FPS-27 design 
stresses reliability and maintenance accessi- 
bility. A separate monitor console calibrates 
the receivers remotely. Equipment troubles ore 
automatically indicated. Sub-assemblies can be 
replaced rapidly in case of circuit malfunction. 


UNIQUE CONSTRUCTION DESIGN of the 
antenna system permits the inclusion of the latest 
3-D height-finding techniques. Range, azimuth 
and height data can be automatically fed toa 
computer to form a composite picture of the air 
defense sector. 


; Ti a , 
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EASE OF OPERATION: One man operates the entire transmitter room. This is typical of the 
operational ease of the Westinghouse designed AN/FPS-27. A minimum team of six specially 
trained men can handle the operation and maintenance of the entire facility. 


Here is the management team responsible for the develop- 
ment of the AN/FPS-27—-within budget and on schedule. 
This team is typical of the Westinghouse practice of matching 
talent to the job. 


De . i 
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The AN/FPS-27 is a part of a broad Westinghouse effort in shipboord, tactical and airborne 
rador. Current simulation studies at the Air Arm Division, utilizing the latest digital computer 
facilities (at right), hold promise for new approaches to the problem of long-range detection and 
tracking of aircraft and ICBM's. 


Westinghouse 


DEFENSE PRODUCTS 
1000 CONNECTICUT AVENUE, N.W., WASHINGTON 6, D.C, 


AIR ARM DIVISION 
AVIATION GAS TURBINE DIVISION 
ELECTRONICS DIVISION 
AIRCRAFT EQUIPMENT DEPARTMENT 
ORDNANCE DEPARTMENT 
WASP 


you CAN BE SURE... 1F ITS Westinghouse 
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‘Contributing to maintenance-free 
Operation on today's aircraft 
and missiles 
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P.O. Box 10398 Fort Worth, Texas 
Branch Plants: Hawthorne, Cal., 2 Abas eo 
In Canada: Stratofiex of Canada, Inc. 


“ SEE ELELELL, A4¢ f, // 
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SALES OFFICES: 


Atlanta, Chicago 
Cleveland, Dayton 
Detroit, Fort Wayne 

Fort Worth, Hawthorne 
Houston, Kansas City 
Milwaukee, New York 
Philadelphia, Pittsburgh 
San Francisco, Seattie 
Toronto, Tulsa 
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CARRIER AND LOW LEVEL PREAMPS 


—per inch 
—per dollar 


OFFER MORE RECORDING USEFULNESS —per channel 


09999090 


a 





tePyT 
q 


W ITH the availability of these two new plug-in preamplifiers 
and associated MOPA, Sanborn 6- and 8-channel *850"" oscillo- 





SPECIFICATIONS 





graphic recording systems can now record an even wider variety 
of inputs — wherever many channels are needed in minimum 


850-1 100A 


850-1 500A 





panel space, with no sacrifice in system accuracy or reliability 
The 850-1100A is a carrier amplifier-demodulator unit designed — | Sensitivity 


100 uv in gives | v ot output 





to work with resistance bridge, variable reluctance and differen- 
tial transformer transducers. Attenuator, smooth gain, position Input impedance 
7” 


epprox. 2500 ohms 


epprox. 100,000 ohms 





and balancing controls are on the 2” x 7” front panel; input and 
output connections are provided at both front and rear. The | Output 


+2.5v across 3300 ohms 


+2.5 volts across 2500 ohms 





850-1500A is a chopper amplifier with floating input isolated 
from a floating output, capable of measuring low level Freq. response 


—3 db at 20% of 
carrier freq. 


0-100 cps, —3db 





DC-100 cps signals such as those from thermocouples and 
strain gage bridges. Design provides low noise operation, greater Linearity 


+0.5% of full scale 


+0.1% of full scale 





freedom from ground loop interference and high common mode 


rejection ratio. Required carrier excitation (2400 cps standard, peer naclanraa 


performonce 


120 db for 60 cps, 160 db 
for DC with 5000 ohms un- 


balance in input 





600, 1200 and 4800 cps optional) and chopper drive (440 cps) 
voltages are supplied by the 850-1900 MOPA, a dual-oscillator | Noise 











2 wy p-p over 100 cps 
bondwidth 








unit which can handle up to eight of each preamplifier. 


SQw SANBORN COMPANY 


Ask your Sanborn Sales-Engineering representative for complete 
facts on all “850” system units — or write the main office in Waltham. 
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satellite can 


bring you live IV 


from anywhere 


in the world 





World-wide live TV, with no 
cable or radio relay costs, 
can develop from outer-space | 
research by government 

and industry 


Among the peaceful applications 
for scientific break-throughs being 
made in the study of outer space 
is a communications satellite. 


Using inflated plastic satellites, 
boosted toward orbit by the Air 
Force Thor rocket, a global TV 
network could be established. TV 
signals would bounce to satellite 
and back to your station, giving 
you a front-row seat at events 
anywhere in the world. Cost should 
be a fraction of coaxial cables and 
microwave relays now used. 

Practicality of Thor for this 
purpose is based on its demonstrated 
reliability. With Douglas responsible 
for airframe fabrication and 
assembly and test of the entire 
system, Thor has helped launch 84° 
of all payload weight put into space 
by the U.S.; is the key booster 
in the Air Force ‘‘Discoverer”’ 
firings; launched the first nose 
cone recovered at ICBM range. 

Thor is another product of the 
imagination, experience and skills 
which Douglas has gained in nearly 
20 years of missile development. 


Foil-covered satellite, folded like a pocket 
raincoat, would balloon out in orbit as 
an inexpensive ‘l'V relay station 


/ 
DO LAS 


Builders of the 
DC-8 Jetliner 
aS 


MISSILE AND SPACE SYSTEMS «+ MILITARY 
AIRCRAFT «+ TRANSPORT AIRCRAFT « 
AIRCOMB « GROUND SUPPORT EQUIPMENT 
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AF Pushing for Big Solids 


Industry expecting decision soon on feasibility contract 


for developing one-million-pound-thrust booster 


by Jay Holmes 


WASHINGTON—America may soon 
have a new entry in the race for 
space—a program for development of 
a million-pound  solid-fuel booster 
rocket. 

Maj. Gen. Victor R. Haugen, di- 
rector of development planning, deputy 
chief of staff/development, U.S. Air 
Force, announced Nov. 5 that the Air 
Force plans “to let a contract very 
soon to demonstrate the feasibility of 
a rocket engine whieh will be twice 
as large as any other under develop- 
ment.” 

Thiokol’s Minuteman booster is the 
largest solid rocket at present under 
development, Its thrust and other per- 
formance figures are classified. How- 
ever simple physical calculations in- 
dicate that it could not be much less 
than 400,000 Ibs. and might be more. 

The Nike-Zeus booster, although 
not the largest rocket in size, is known 
to develop 450,000 Ibs. thrust. Thus 
an engine twice as large as any other 
under development would have to 
approach the million-pound class. 

Industry has greeted the develop- 
ment with enthusiasm. At least four 
major rocket companies have an- 
nounced that they are capable of tak- 
ing on the development of a motor 
of this size. It is believed that at least 
two other companies are interested. 
The “million-pound solid booster” was 
a major topic of conversation and con- 
jecture in the industry suites at this 
month’s American Rocket Society con- 
vention. 

John Gustavson of the Advanced 
Concept Office, Grand Central Rocket 
Co., outlined details for construction 
of a 2.4-million-lb.-thrust solid engine, 
which would burn 72 seconds at a 
thrust-to-weight ratio varying between 
2.5 and 7.9. The booster, weighing 
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691,000 Ibs., would be 90° long and 
12.5’ in diameter and would perform 
at a specific impulse averaging 265 
seconds between sea level and the 
burnout altitude of the booster, he said 
in a paper read in the session on solid 
rocket technology. 

Gustavson said six of these rockets, 
known as Cronus, could be clustered 
into a 14.4 million Ib. booster, which 
he named Novus. The Cronus could 
operate, he said, with a second stage 
generating 650,000 Ibs. thrust for 82 
seconds and a third stage generating 
100,000 Ibs. thrust for 133 seconds. 
This configuration could lift a payload 
of 26,000 Ibs. into a 300-nautical mile 
orbit, Gustavson calculated. 

Thiokol, Aerojet-General and 
Rocketdyne also have indicated in 
recent weeks that they are capable 
of building boosters in the multi-mil- 
lion-pound range. 

In comparing solid and _ liquid 
boosters, one must recall the much 
longer typical burning times of liquid- 


fueled rockets. For example, most large 
liquid rockets under development con- 
template burning times of 180 seconds. 

A truer measure of the size of a 
rocket is the total impulse, measured 
in pound-seconds, The Grand Central 
Cronus booster would have a total 
impulse of 172.8 million pound-seconds. 
This would compare in total impulse 
with a 180-second liquid rocket with 
an average thrust of 960,000 Ibs. 

At the Symposium on Advanced 
Propulsion Concepts, held in Boston 
last month by Avco-Everett Research 
Laboratory and the Air Force Office 
of Scientific Research, Dr. Harold 
Ritchey of Thiokol proposed a solid 
booster of 10 million Ibs. thrust and 
60 seconds duration. This would thus 
have total impulse of 600 million 
pound seconds, comparable to a liquid 
rocket generating 3 1/3 million Ibs. 
thrust for 180 seconds. 

Gustavson and other  solid-fuel 
spokesmen maintain that a scaled-up 
booster can be developed in for less 
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CONTINUOUS MIXING process developed by Grand Central Rocket Co. for load- 
ing big solid-fueled booster rockets at the firing site. 
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would a solid rocket be cheaper? 


time than required for liquids because 
solids have fewer parts. And, since 
development cost is largely dependent 
on the length of time involved, they 
argue that developing a large solid 
rocket is cheaper. 

Last spring, the Air Force made 
a routine query of contractors as to 
what it would cost to demonstrate the 
feasibility of a million-pound solid 
rocket. The bids received varied from 
under $2 million to more than $6 
million. M/R has learned that one of 
the under-$2-million bids contemplated 
a first static test 8% months after the 
go-ahead. 

However, the Air Force decided 
not to award any contracts at that 
time. Officially, the situation lay dor- 
mant until Maj. Gen. Haugen made 
his statement in a speech before the 
12th annual national conference of the 
Public Relations Society of America 
at Miami Beach, Fla. 

Gen. Haugen said the Air Force, 
which has been working with solid 
fuels since 1953, feels they “hold great 
promise for reduced costs” in addition 
to the often-cited advantages of instant 
reaction, long storage life and ease of 
maintenance. 

© Energy Rate—Another advantage 
cited by the solid supporters is the 
higher rate of energy production in 
solid boosters, which enables them to 
better overcome the loss due to gravity. 
For example, in the Grand Central 
Cronus proposal, the thrust-to-weight 
ratio at takeoff would be 2.5. Subtract- 
ing the one G lost to gravity, the ac- 
celeration at takeoff would be 1.5 G, 
gradually rising to about 7 G just be- 
fore cutoff. 

The liquid rocket is limited by the 
weight of pumps and tanks to a maxi- 
mum of 1.5, Gustavson declared. Thus 
the initial acceleration is less than 0.5 
G. This gradually increases, he said, 
until its burnout acceleration is just 
equal to the burnout acceleration of 
the solid. 


Thus, solid rocketeers assert, the 
total velocity increment is less for a 
liquid than a solid. They further main- 
tain that this difference is sufficient to 
overcome the liquids’ advantage in 
specific impulse and the somewhat 
lower dead weight of a liquid booster. 


Thiokol’s Ritchey maintains that the 
division of responsibility between solids 
and liquids for space now is just the 
opposite of what it ought to be, with 
boosters and lower stages liquid and 
solids in the upper stages. 


Actually, he says, the higher spe- 
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cific impulse of liquid fuels can be 
used to better advantage in the upper 
stages, while in a booster specific im- 
pulse is not quite so critical a factor. 

Ritchey points out that high-energy 
fuel systems and exotic case materials 


always are preferred, at least in early | 


stages of their development, for upper- 
stage use. The same argument would 
lead to selection of high-energy liquid 
upper stages, he says. 

Solid rocketeers concede the impos- 
sibility of turning their flames off and 
on again. But they say this is less im- 
portant in a booster, which must lift 
a system into orbit before any other 
space mission can be performed. 

The Air Force outlined its require- 
ments for such a booster to contractors 
Nov. 10 at a meeting at Edwards Air 
Force Base, Calif. The meeting was 
attended by representatives of Thiokol, 
Aerojet, Rocketdyne, Grand Central, 
Hercules Powder Co., Atlantic Re- 
search Corp. and the United Research 
Corp., a subsidiary of United Aircraft. 


A key to the manufacturing of 
large solid-fuel rockets is the continu- 
ous processing of propellant. For a 
booster solid would be too big to trans- 
port by rail or truck to the site. Thus 
on-site loading seems a logical alterna- 
tive. This would require on-site process- 
ing. At least six companies are working 
on development of continuous process- 
ing methods. 


Rocketdyne disclosed some details 
of its method in a statement issued 
at the ARS convention. The North 
American division says its process, 
known as “Quickmix,” is expected to 
provide a high degree of mobility for 
manufacturing in the field and load- 
ing into large motors. Rocketdyne is 
applying the process to several pro- 
pellant combinations under contract 
with the Manufacturing Methods Divi- 
sion, Air Materiel Command. 

A “Quickmix” pilot plant, which 
has a minimum capacity of 500 Ibs. 





Next week, MissiLes AND ROCKETS 
presents another exclusive first—a com- 
plete and authoritative report on Soviet 
rocket propulsion systems. 

Donald J. Ritchie, one of America’s 
top non-government experts on Soviet 
rocket and aircraft technology, gathered 
his material through a study of 120 
textbooks and hundreds of periodicals 
in the Russian language. Ritchie, a 
project mathematician in the Research 
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of propellant per hour, recently was 
loaded onto a 30’ truck trailer and 
transported from California to Rocket. 
dyne’s solid propellant plant (formerly 
named Astrodyne) at McGregor, Tex. 


In the process, ingredients are 
blended in a matter of seconds with 
only a small amount of material in the 
mixer at any given moment. The 
oxidizer is dried, sifted and ground 
before being dispersed in a_ liquid 
carrier. 

Minor dry propellant ingredients 
are handled in a similar way. Liquid 
ingredients enter the system through 
a colloid mill for emulsifying with the 
liquid carrier. Where metallized pro- 
pellants are required, the powdered 
metal also will be mixed with a liquid 
carrier, thus reducing the special 
hazards that come with handling of 
fine metal powders. 


The streams of oxidizer and other 
ingredient in the liquid carrier are 
blended at high speeds in a small mixer. 
Because of the fluidity, mixing is ac- 
complished rapidly with no appreciable 
heat buildup and a very low power 
requirement. The propellant forms im- 
mediately on contact of the binder 
droplets and oxidizer particles. 


Rocketdyne says a Quickmix plant 
with a capacity of 5,000 Ibs. per hour 
could be constructed and it would also 
be able to operate successfully at re- 
duced rates. The plant and raw in- 
gredients would be transported to the 
proposed firing site for the field load- 
ing of rocket motors larger than feas- 
ible to transport from plant to site. 


* Other methods—Grand Central 
has developed a continuous mixer on a 
truck trailer, Propellant ingredients can 
be trucked to the site, mixed at leisure, 
loaded directly into the rocket case 
and stored until needed. 


Thiokol, Aerojet-General, Hercules 
and Olin Mathieson are known to be 
developing continuous mixing processes. 
The problems have not all been solved. 
Several explosions have occurred in re- 
cent months during tests of these 
processes. 





Laboratories Division, Bendix Aviation 
Corp., formerly was engaged in R&D 
work at Wright Air Development Com- 
mand, Melpar Inc. and Crosley Di- 
vision, Avco Corp. 
Among the details outlined for the 
time in Ritchie's comprehensive 
account will be the thrust level and 
other technical data for the Soviet 
ICBM's, Sputniks, Luniks and many 
smaller rocket systems. 
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M/R Surveys the Exploding 
Semiconductor Industry 


Already a half-billion-dollar-a-year business, 


forecasts indicate the total will double 


in five years unless imports hit defense market 


by Charles D. LaFond 


WASHINGTON—The semiconductor 
industry is experiencing a growth that 
resembles an explosion. Barely eleven 
years old, its future impact on the rest 
of the electronics industry cannot even 
be guesstimated. We are blinded by 
long-range market forecasts, business 
speculations, technological huckstering 
and research ballyhoo. 

M/R estimates, based on an industry 
survey, indicate the total 1960 semi- 
conductor market will approach $510 
million: $295 million military; $215 
million commercial. These figures rep- 
resent a mean, for industrial estimates 
vary by about +$4 million. But on one 
total—the 1965 estimated market—the 
figure was almost a unanimous $1 
billion. 

According to Dr. Frank Herman, 
RCA Laboratories, thousands of articles 
and responsible text books already 
have been published on semiconductor 
science and technology. Well over 150 
commercial companies are now en- 
gaged in development and production 
of solid-state devices and more than 
100 of these are American firms. (It 
has been estimated that nearly 35% 
of the world volume of currently pub- 
lished basic research in physics is in 
the solid-state area. Roughly, this is be- 
tween 1500 and 2000 papers annually.) 

He conservatively estimates that 
the total semiconductor-device output 
should overtake that of vacuum tubes 
by about 1962 in the United States. 

* The industry—The accompany- 
ing chart contains most of the semi- 
conductor manufacturers in the U.S. 
today and a list of the principal prod- 
ucts of each by category. 

For a rapid rundown of what some 
of the major producers are doing, the 
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following summary has been prepared. 
The list is not intended to be complete, 
but it will indicate the trends of to- 
day—that is, the successful smaller 
companies are carefully expanding and 
the large manufacturers are engaged in 
an R&D marathon. Big or small, each 
is making technological headway. 

Pacific Semiconductors, Inc., recent- 
ly announced development of a “micro- 
micro diode” weighing 14.09 milli- 
grams (a standard silicon diode weighs 
approx. 160 mg). According to PSI, 
the small size was achieved by a mole- 
cular bonding process. It was described 
as a chemical surface passivitation 
technique in which silicon crystal 
molecules are bonded with the pro- 
tective-coating surface elements. 

A relative newcomer to the field 
is P. R. Mallory and Co., Inc., which 
will limit its efforts to single junction 
devices for the present. Developmental 
work and pilot production operations 
are nearly complete. Diffused junction 
silicon rectifiers will be marketed dur- 
ing 1960, but certainly growing pains 
will slow its mass entry into the field. 

Philco Corp. is involved in almost 
all phases of semiconductor R&D and 
manufacturing; it has programs to de- 
velop packaging for severe environ- 
ments, to increase power dissipation 
and increase maximum storage limit to 
175°C, to improve fabrication tech- 
niques, to replace potting compounds 
in some devices with a process where- 
in no heat is developed. 

According to a company spokes- 
man, significant research is being di- 
rected toward new semiconductor ma- 
terials which will make possible new 
physical phenomena. Magnetic-film 
memories for next-generation com- 
puters are being studied along with 


electroquenchable phosphors for low- 
cost computer elements. 

Industro Transistor Corp., a manu- 
facturer of high-quality PNP germa- 
nium alloy junction transistors only, 
expects to increase its product line 
considerably during the next six months 
with silicon mesa and power trans- 
istors, and silicon rectifiers. (It is in- 
teresting to note that Industro has 
experienced a management metamor- 
phosis. Fiscal °58 and °59 showed suc- 
cessive deficits. During the last quarter 
of its current year, it has completely 
removed the deficit and showed an 
earning above taxes of $0.24 per 
share.) 

Primary company research efforts 
are aimed at tunnel diode development 
and radical improvements in transistor 
environmental capabilities. 

Transitron, Inc. has achieved a re- 
markable growth in the last few years. 
A manufacturer of semiconductor 
components only, it is currently a 
family-owned closed corporation. This 
December it will make a _ 1-million- 
share public stock offering. 

Already a broad contributor to the 
semiconductor product field, Raytheon 
Company is investing much of its re- 
search in continued development of 
tunnel diodes and the avalanche mode 
transistor for high-speed switching. 

The Semiconductor Div, of Fair- 
child Camera and Instrument Co. has 
concentrated on development and pro- 
duction of high-quality silicon trans- 
istors for ultra-high-speed switching. 
It recently introduced seven new types 
of transistors and some silicon devices 
for microminiaturized circuitry. Re- 
search programs are investigating new 
semiconductor materials, tunnel diodes, 
parametric diodes, microminiaturized 
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modules, and devices using  inter- 
metallic compounds. 

Hoffman Electronics Corp.’s Semi- 
conductor Div. recently announced 
success in one of its R&D programs. 
It has developed automatic test equip- 
ment that speeds up high-low temper- 
ature operating “run-in” tests on Zener 
diodes by 700%. (Tests are designed 
to insure maximum stability and reli- 
ability.) 

Texas Instruments has a complete 
line of solid-state components. A 
pioneer in the field, it produced one of 
the first demonstration solid state func- 
tional circuits. TI uses diffusion tech- 
niques with photolithographic processes 
to produce circuit “components” in a 
single semiconductor crystal. 

Westinghouse Electric Corp.’s Semi- 
conductor Div. is engaged in a size- 
able research program. A large semi- 
conductor producer, it is pushing its 
efforts for a better understanding of 
molecular electronics. By modifying 
the properties of solid-state material 
through a control of crystalline struc- 
ture, a desired function can be achieved 
by the researchers without the need for 
individual components. 

Westinghouse believes only an ap- 
proach such as its molectronics can 
achieve the desired reliability, rugged- 
ness, and low power consumption 
necessary for tomorrow’s missile/ space 
system requirements. 

For more conventionally sized cir- 
cuits, the company has been investigat- 
ing cold-cathode type electron tubes 
using various semiconductors for elec- 
tron emission. It recently announced 
successful use of silicon carbide -in 
such a “transistorized” electron tube. 
Power requirements are negligible; cur- 
rent flow is low but adequate (of the 
order of 1 microampere). 

Radio Corporation of America, 
General Electric, and Hughes Products 
—Semiconductor Div. are all large 
producers of semiconductor devices. 
Accordingly, each maintains a broad 
research effort: molecular electronics 
and thin-film circuitry, exotic metals, 
and the whole gamut of conventional 
solid-state components. Each has had 
notable success in the development of 
tunnel-diode circuit applications. 

® Transistor prices—To understand 
the steady downward trend of trans- 
istor unit prices, a study of the de- 
velopment and subsequent production 
record of transistors is most revealing. 

Initially, development costs were 
high for the first year following the 
Bell Telephone Labs invention of the 
point-contact transistor. As costs began 
to decline, the zone-refining process 
evolved and the junction transistor was 
conceived. Development costs again 
rose sharply and continued until 1952. 
The first real production began in 1952. 
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It has risen sharply and almost linearly 
ever since. 

In 1955, with the birth <: the dif- 
fusion process and the silicon trans- 
istor, developmental costs again rose 
sharply. Only recently have they begun 
to taper off somewhat. Bell Labs esti- 
mates that the total 1955 production 
of transistors was approximately 4 mil- 
lion units at an average unit price of 
four dollars. 

By 1960, production will be well 
over 100 million units and the average 
price will have dropped below two 


Major U.S. Semiconductor Makers 


dollars. Production may level off at 
around 750 million by 1970 with a 
unit price near $0.70 or less. Rapid 
development and application of tunnel 
diodes and future breakthroughs can 
completely alter these estimates. Only 
time will provide all the answers. 

It is also interesting to note that 
as a result of advances in diffusion 
technology, the semiconductor diode 
market should eventually equal that for 
transistors. Many feel it may even 
exceed the transistor market because of 
the diverse applications for diodes. 
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® Transistor imports—At least one 
cloud exists on the transistor market 
horizon. Japanese imports have been 
increasing steadily. According to David 
R. Hull, president of the Electronics 
Industries Association, Japanese sales 
have hit the entertainment-type trans- 
istor field to the tune of 25% of the 
total U.S. business. There is one 
Japanese transistor import for every 
3.6 units produced here, he said. 

The danger, he pointed out, is that 
this is the market that has provided 
manufacturers with the funds to carry 


out R&D in other areas. 

It is also obvious, he said, that if 
they can make inroads on the market 
to this extent in three years, it stands 
to reason that the defense market will 
also prove vulnerable. 

* Development—Just in developing 
what we now have—that is, without 
considering advanced research aimed 
at further breakthroughs—what will 
the expected industry accomplishments 
be in the next few years? 

Standardization of designs certainly 
will be a primary target for advance. 
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Refinement, simplification, and reduc- 
tion of designs for broad application 
will continue. 

Manufacturing processes and tech- 
niques can be improved. Progress in 
automation has been made but to keep 
up with requirements—quality and 
quantity—large-scale advances are 
needed. Improvements are needed to 
protect semiconductor surfaces, Cur- 
rently this is an expensive process 
necessary to obtain intrinsic reliability 
in bulk semiconductors. 

A better understanding of the uses 
of semiconductor devices is mandatory. 
New circuit techniques will aid greatly 
the rapid application of such devices 
to a vastly greater number of different 
equipment. 

To expand the range of available 
(or obtainable) electronic properties, 
other intermetallic compounds must 
be rigorously investigated and ex- 
ploited. Others can be used to fill the 
gap in meeting more environmental 
requirements. 

We need better methods of mea- 
surement and control of impurities 
when an order of magnitude of parts 
per million is considered. Until proper 
methods are devised, the semicon- 
ductor industry will be based more on 
art than exact science. 

Improved or even new methods of 
attaching mechanical components to 
semiconductors are needed. Production 
type plating, welding, and soldering 
techniques in current use often intro- 
duce impurities and other degrading 
efforts into the finished product. 


Huge Solar Converter Used 
To Open New Hoffman Plant 


Los ANGELES—Power from “Big 
Bertha,” the world’s largest solar en- 
ergy converter, was used to open the 
doors to Hoffman Electronic Corpora- 
tion’s new Semiconductor Center at 
dedication ceremonies here last week. 

The $2-million plant will be used to 
conduct research and development of 
solid-state material devices. 

Described as the largest and most 
advanced of its type in the world, the 
Center is the first designed to mass- 
produce solar cells. The facility is re- 
ported to be able to produce semi- 
conductor materials with a purity of 
99.9999999 % 

Hoffman’s production capacity will 
be more than doubled by the new Cen- 
ter. Annual sales potential is increased 
to approximately $35 million. Employ- 
ment at capacity will be an estimated 
2000. 
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‘Who Says There's A Space Race? 


Dr. Eberhardt 
Rechtin, Chief of 
the Telecommuni- 
cations Division, 
Jet Propulsion Lab- 
oratory, NASA, re- 
cently delivered an 
address before the 
Electric Club of 
Los Angeles on the 
subject “Who Says 
There’s a Space Race?” M/R repro- 
duces it here in condensed form.—Ed. 

A race has certain required ele- 
ments. There must be a reward, a sig- 
nificant achievement and an interested 
audience. And there must be at least 
one participant, not necessarily two. 
We can all think of examples of a 
single participant who is racing against 
time. 

This being true, then there most 
certainly is a space race since we have 
one highly demonstrative participant, 
the Russians, and ample evidence of 
the achievements, rewards, and interest 
to the audience. 

Let us then consider the race from 
the point of view of the Communist 
government and society of the USSR. 
They want a strong Russian Commu- 
nistic society. They want to expand 
their sphere of influence. And they 
want an increasingly favorable econo- 
mic situation for Russia. 

There is not much question that 
the original Soviet missile program was 
a direct consequence of a military need 
to counter our Strategic Air Command. 
According to the Soviet scientists, it 
was no simple task for them to get 
their space program started. As a 
matter of fact, it apparently took sev- 
eral years. 

According to one possibly apocry- 
phal story, a very serious question was 
raised in the upper Soviet government 
circles as to whether or not the Soviets 
should launch space vehicles at all. 
Certain members of the Soviet govern- 
ment were very seriously concerned 
that such space activity might trigger 
the United States into engaging in this 
race of missiles and space. 

© The payoff—Probably neither the 
Russians nor the Americans remotely 
guessed the prizes which the Russians 
would pick up as a result of their 
success. 

Some of the prizes can be valued 
in cold cash. The Russians probably 
spent on the order of $500 million to 
launch the first several Sputniks. As a 
direct result, the Russian technical 
prestige took a large discrete jump up- 
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wards in the world market. Conserva- 
tively, this jump, based upon the size 
of the world market and the size of 
various governmental expenditures, 
meant a return on the world market 
on the order of $5 billion. 

To illustrate: 

Suppose that you were a civil ser- 
vant in South America or in Asia 
choosing a contractor to build a bridge. 

We will consider two cases. First, 
go back to 1954. You would probably 
consider obtaining your bridge from 
the United States, the United Kingdom, 
or perhaps, West Germany. It is un- 
likely that you would consider a Rus- 
sian contractor too seriously. Now, let’s 
go to 1958. The countries which im- 
mediately come to mind are Russia 
and the United States. 

Well, the prize of technical prestige 
in obtaining more of the world market 
is relatively obvious. Another prize, 
very easily overlooked by us, is an ad- 
vantage which is probably of even 
greater value to the Russian Commu- 
nist leaders—the fact that the Russian 
people are understandably and justifi- 
ably quite proud of their new technical 
achievements. 

It is probably no coincidence that 
the Russians began mentioning (and 
we began considering) coequal summit 
meetings just after the launchings of 
the Sputniks. It is now no longer Rus- 
sia, Great Britain, and the United 
States as the three great powers, it is 
now Russia verses the West, even up. 

® What next?—The Russians will 
most certainly continue in the space 
race, since this race very well meets 
the overall objectives of the Russian 
Communist society. 

From the economic standpoint, it 
can be shown that certain types of 
space vehicles will more than pay for 
themselves. Both communication and 
weather satellites can be used to make 
money. The Russians, could, for ex- 
ample, set up a world-wide communi- 
cation system considerably better and 
more reliable than our high frequency 
radio system in use today—then rent 
and control this system. 

® What to do?—The United States 
at the moment is neither in nor out of 
the space race. We have made no dec- 
laration to accept the Russian chal- 
lenge. We have no programs whose 
avowed intent is to close the gap be- 
tween ourselves and the Russians. We 
have one or two programs whose hope- 
ful intent is to try to keep the gap from 
getting wider. At the present time, one 
of the most remarkable features of the 


U.S. position is the almost complete | 


lack of urgency in the space program 

The NASA budget is now some. 
what less than what the United States 
pays to ship and store surplus wheat 
Our space program is less than two 
percent of our defense budget. The 
space program costs less than ten dol- 
lars per year per U.S. adult or roughly 
one evening’s entertainment per year. 

On the other hand, we have not 
declared ourselves out, either, although 
in the last two years we have dropped 
six months to a year further behind in 
the process of organizing, re-evaluat- 
ing, carving out paper empires, and 
fighting over who is going to be the 
boss to tell the professional what to do 

rhe results of continuing as we are 
were illustrated the other day in a 
meeting at JPL in which we were at- 
tempting to plan the missions for a set 
of space vehicles in 1961 and 1962. 
We went through the process of setting 
up a logical and technically sound pro- 
gram, only to be shocked at the end 
of our efforts to find that the first half 
of our fine program had already been 
done by the Russians. 

A colleague last week remarked 
that the closer you get to the space 
program, the more of a sinking feeling 
you get. 

Putting it in somewhat different 
words, continuing at the present level 
is largely a waste of money. At the 
moment, we are paying for the privi- 
lege of being the perfect straight man 
for the Russians. As Dr. Glennan has 


stated, “we cannot run second very 
long and still talk of leadership.” 
In a perfectly objective way, we 


should therefore consider the results of 
declaring ourselves out of this game. 
We might well save ourselves a great 
deal of embarrassment. We would have 
to yield the field to the Russians and 
admit that they are highly successful. 
What would hurt is that we would have 
to admit by inference that their reason 
for success, namely the Communist 
Society, might also be true. 

We should also consider the results 
of declaring ourselves in the space race. 
It will certainly cost us more money 
than we are presently spending. We 
are going to need clearly defined goals, 
specifically, whether or not we intend 
to accept the Russian challenge. We 
will need facilities and priorities. We 
need a very hard-boiled look at past 
performance and a willingness to let 
the finally chosen professionals run 
their own race. 
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Recorder Passes Flight Test 


Miniature Ampex unit survives 
trip on missile and nine days in ocean; 
performs perfectly when retrieved 


Repwoop City, CALIFORNIA—A 
miniature tape recorder survived an Air 
Force missile flight and 9 days in the 
Atlantic Ocean, yet performed perfectly 
when retrieved from the water and 
tested with a new tape and tape turn- 
table. 

The recorder, Model MR-100, de- 
veloped by Ampex Corporation, was 
enclosed in a plastic sphere on a Thor- 
Able carrying an instrumented nose 
cone. The recorder was thrown free be- 
fore the cone struck the ocean. The 
plastic was strong enough to protect 
the recorder, yet light enough to allow 
the capsule to float in the water. 

During its recording periods, all 
data telemetered from the nose cone 
during flight is stored. Temperature, 
pressure, stress, acceleration, and de- 
celeration information is included. 

The system contains two separate 
assemblies and weighs 20 pounds. The 
tape transport assembly contains the 
magnetic record heads, tape drive sys- 
tem, and system control circuitry. The 
electronics assembly contains the record 
and reproduce amplifiers and a refer- 
ence oscillator used for timing. An in- 
terconnecting cable is used between the 
two assemblies. The entire system rides 
in a General Electric-developed instru- 
mented sphere, 18 inches in diameter, 
made of polyurethane foam with a 
cover of ablative material. 

The complete system occupies less 
than one-fifth of 1 cubic foot. Capable 
of capturing information in a frequency 
band from 300 to 100,000 cycles per 
second, it will record two tracks of in- 
formation utilizing parallel tracks on 
44-inch wide magnetic tape. The tracks 
are independent, each having its own 
record and reproduce amplifiers in the 
system’s electronics unit. 

The device begins recording on re- 
ceipt of a command signal, continuing 
until expiration of the complete four- 
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minute recording cycle. It then stops 
automatically. Depending upon type of 
operation desired, it does either one of 
two things: (1) Awaits another com- 
mand signal, or (2) after 5 seconds, 
automatically reproduces the previous- 
ly-recorded signal in reverse. It then 
stops and awaits another command sig- 
nal to restart the transport in the re- 
cording cycle once more. 

The recorder may be stopped at any 
time during the recording or reproduce 
portions of the cycle. At the comple- 
tion of the reproduce cycle, the re- 
corded data remains on the tape. Upon 
receipt of a command signal to begin 
another recording cycle, the existing 
signal is erased just before the new one 
is recorded. 

The recorder provided nose cone 


information during re-entry period 
when attenuation of the radioed tele- 
metry signals made ground reception 
impossible. This stored information was 
then reproduced in flight at a pro- 
grammed time when telemetry attenu- 
ation no longer occurred. 

The recorder’s design presented 
problems of heat transfer and high- 
frequency vibration. A certain amount 
of heat is generated by the motors and 
tube filaments, and reducing the size 
of the equipment (or increasing the 
number of components per cubic inch 
of space) concentrates this heat in a 
small volume. Because the specified 
environmental ambient temperature 
was fairly high, it was quite difficult 
to obtain internal temperatures within 
the range required for reliable opera- 





COMPLETE MR-100 occupies less than one-fifth of 1 cubic foot, Tape transport 


(left) and electronics assemblies (right) are shown with their covers removed. 
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q D SERVOVALVES 


ONLY 9.5 OUNCES 
DEPENDABLE 


Large control orifices, clearances, and high driving 
forces (Y2 system pressure with 10% rated cur- 
.rent) insure long life and maximum reliability. 


MECHANICAL FEED BACK 
LOW HYSTERESIS: 2% 


MI SERIES 


Featuring simplified design, the Midwestern Model 40 Series Servovalves 
have been tooled for production to meet existing and anticipated reliability 
requirements of military applications. Special effort has been made to 
lighten weight, improve hysteresis, decrease leakage and reduce suscept- 
ability to oil contamination. 


Various configurations of the Model 40 are available for three-way or four- 
way service. 


DYNAMICS: Amplitude — 3 db max. at 150 cps. 
Phase — 90° at 150 cps. max. 

TORQUE MOTOR: Dry gap and coils, hermetically sealed. 

LEAKAGE: External, none. Internal, .09 gpm max. (to drain) 

RATED FLOW: To 5.0 gpm at 1000 psi valve drop. 


WRITE FOR MORE DETAILS! Mi PRODUCES: 


Oscillographs Magnetic Recording and Servo Amplifiers 
Galvanometers Reproducing Heads Precision Analog 
Amplifiers Power Supplies Recording Systems 


Current Sources 


Ai f A 
Data Repeaters ircraft Data Acquisition 


Recorders 


Bridge Balance Units 
Discriminators 


Servovalves 
Voltage Controlled Linear Displacement Complete FM Ground 
Oscillators Solenoids Station Telemetering 


Magnetic Tape Recorders Torque Motors Systems 
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“ 41ST & SHERIDAN RD./P. 0. BOX 7186/R! 7-1331/TWX: TU 849/TULSA, OKLA. 
also manufacturers of gnecora fine tape recording instruments 
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tion of the components. 

Although the tape transport assembly 
comprises the bulk of the system, it 
weighs only 14 pounds and measures 
8-5/16 x 64% x 3% inches. Tape reels 
for the unit measure 5% inches in 
diameter and can accommodate 1400 
feet of tape which moves at 60 inches 
per second. 

Components mounted on a 
cast-aluminum chassis, which fits into 
a heavy cast-aluminum case. The case 
not only protects the operating mech- 
anism from the external environment, 
but doubles as armor in protecting the 
tape during impact. The case and chas- 
sis are constructed so that if the mount- 
ing bosses on the chassis shear under 
impact, the raised portions of the chas- 
sis will come in contact with the case 
before the reels are crushed 

Embedded in the the 
three tiny motors for the system. There 
are two torque motors for the tape 
reels and a constant-speed motor which 
drives the tape at a uniform velocity 


are 


chassis are 


Heart of the recorder—the magne- 
tic record heads—is potted in a steel 
block, with centerline pivot 
locate them in a_ precision-machined 
thick-walled aluminum mounting box. 
The box, in turn, is enclosed by a close- 
fitting mu-metal container with a re- 
movable lid for tape threading. This 
provides double shielding against ex- 
ternal magnetic fields. 

With the exception of the control 
circuitry for the tape transport, all the 
circuitry is a part of the separate elec- 
tronics assembly. The assembly con- 
tains, in addition to duplicate record 
and reproduce amplifier circuitry, a 
bias and erase oscillator and a crystal- 
controlled 93-kilocycle reference-signal 
oscillator. 

To meet the temperature t 
specifications for the system of —55 
to+70°C, silicon transistors were s 
lected. Other components such as a 
potentiometer, toroidal inductor, tanta- 
lum capacitors, and miniature resistors, 


bosses to 


were chosen for compactness and are 
mounted on etched boards. The etched 
boards fit compactly into the electronics 
case and are rigidly attached to a cast 
web. An inner mu-metal container 
shields the reproduce electronics. The 
complete assembly with covers installed 
weighs 6 pounds; measures 842 Xx 4 X 
3% inches. 

As with any 60-ips tape transport, 
the inertia of the tape during 
Starting and stopping is a basic prob- 
lem. To obtain a 2-second start time, 
the lightest possible reel was required. 
Yet vibration and impact survival re- 
quired great strength, so special reels 
were designed with tapered, aluminum 
flanges, precision-turned to 0.062-inch 
at the outer edges. 


reels 
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HOW B.F. GOODRICH 
KEEPS “HOUND DOG” 
FROM GETTING A 
COLD NOSE wo 
< F Ice 
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in the 
A air intake 
vd of the North American 
Z “Hound Dog” could seriously 
hamper this missile’s performance 
after launching from the wing 
of the Boeing B-52G. To prevent 
the formation of ice during strategic 
air attack in freezing weather conditions, 
this air-to-ground missile is equipped with an 
electrothermal metal-clad de-icing and anti-icing 
system made by B.F.Goodrich. It’s a new application 
for B.F.Goodrich Cladheat and another forward step 
for B. F. Goodrich, the nation’s leading producer of 
aircraft de-icing systems. For full information about 
B.F.Goodrich metal-clad, pneumatic or heated rubber de-icers, 
write: B.F.Goodrich Aviation Products, a division of 
The B.F.Goodrich Company, Dept. MR-119A, Akron, Ohio. 





B.EGoodrich aviation products 
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ARMCO STEELS/for Aircraft and Missiles 







FOR THOSE LITTLE PARTS WITH BIG JOBS 
ARMCO 17-4 PH, 17-7 PH, 
PH 15-7 Mo STAINLESS STEELS 























For bolts, rivets, shafts, gears, springs, valves, hydraulic units, guidance 
components, and the thousand and one vital parts of aircraft and missiles 
that must operate with maximum reliability, Armco’s Precipitation-Hard- 


ening Stainless Steels offer 

Unusually high strength weight ratios up to 1000 F 
Good corrosion resistance 

Excellent fabricating properties 

Availability in practically all commercial forms 





For complete information on these special! Armco Stainless Steels that 
are providing design and production advantages in both missile and aircraft 
manufacture, write Armco Steel Corporation, 3289 Curtis Street, Mid- 
dletown, Ohio. 


ARMCO STEEL 


BRMCG Armco Division + Sheffield Division + The National Supply Company + Armco Drainage & 
\V/® Metal Products, Inc. » The Armco International Corporation * Union Wire Rope Corporation 
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propulsion engineering... 





By JAY HOLMES 


Which big liquid booster is better 


the Saturn or the so-called Nova? Both will develop about 1,500,000 
Ibs. of thrust. Both will have comparable burning times. Both will do 
about the same job. 

Sam PF. lacobellis of Rocketdyne compared the two boosters on 
the basis of reliability, availability, performance and cost and came 
to the conclusion that neither the Rocketdyne single engine nor the 
ABMA Saturn cluster has a clear-cut advantage in all four respects. 


Early reliability and low cost . 


are advantages of the Saturn cluster, lacobellis said in a paper at this 
month’s American Rocket Society convention. But the single engine 
has higher ultimate reliability and greater performance. lacobellis 
adds that the ultimate reliability of Saturn can be made competitive 
by adding a ninth spare engine. 

For early availability and low cost (important) Saturn will be 
preferred. For performance and ultimate reliability, the Nova will 
get the nod. Furthermore, the big single engine is capable of being 
clustered into a booster with 6 million Ibs. or more of thrust. 


Reliability increases by about 20% . . 


on adding a spare to an eight-engine cluster, Iacobellis calculates. 
For example, assuming an 0.95 reliability for the single, smaller en- 
gine, an eight-engine cluster has about 0.67 reliability. If one spare is 
added, the reliability becomes about 0.82. 

The Rocketdyne engineer also plots reliability of the engine 
against time for the single chamber, the eight-engine cluster and the 
cluster with a spare. To reach an 0.70 reliability figure, the Nova 
needs just under three years of testing. Saturn, which began in late 
1958, would reach 0.70 reliability after about 22 months. 


Cost of Safurn is lower too. . 


if we assume that only 50 boosters are required. lacobellis figures 
that for this number the clustered booster would cost about 70% 
as much as the single engine. However, if many more of the engines 
are desired, the cost per unit of Nova drops below that for Saturn. 

Department of Defense sources have estimated that the cost of 
50 Saturns will be something over $800 million. Thus it follows that 
it will cost at least $1.14 billion to develop 50 single-cell Novas. 
This would supply 20 engine systems for vehicle development and 
six engine systems per year for five years of operational use. 


On performance, Nova gets the nod... 


because it can incorporate the latest developments in liquid rocket 
technology, while a cluster must make use of off-the-shelf engines. 
For a three-stage vehicle having a sea-level thrust of 1.5 million, 
lacobellis assumes a 30,000 Ib. payload can be delivered over an 
8000-nautical mile range. 

For the cluster, he assumes a 23,000-Ib. penalty because of 
differences in the state of technology. 


Ultimately, Nova will be more reliable . . . 
than the Saturn cluster. lacobellis’ graph indicates the crossover point 
is about four years after the start of development, at which time the 
reliability of each engine is about 0.94. Saturn's reliability curve 
levels off about this time and doesn’t rise much above about 0.95 
unless a spare engine is added. For Nova, he calculates about 0.99 
reliability after 642 vears. 

If we plan to use these boosters to lift manned vehicles into orbit, 
ultimate reliability can be a rather important factor. 
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tunities 


Westinghouse-Baltimore 
offers you genuine oppor- 
tunities for professional 
growth; modern facilities; 
advanced educational pro- 
grams; and gracious living 
in the famous Chesapeake 
Bay “‘sportsman’s paradise.” 






A PARTIAL LIST OF 
CURRENT OPENINGS: 


Microwave Systems & 
Components 
Radar Systems 
Network Synthesis 
Analogue and Digital 
Computer Design 
Airborne Electronic 
Counter- Measures 
Infrared Systems 
Development 
Ferret Reconnaissance 
Solid-State Devices & 
Systems 
Test Equipment Design 
Electronics Instructors 
Communications Circuitry 
Field Engineering 
Technical Writing 
Electronic Packaging 


Other positions open for 
Electrical & Mechanical 
Engineers and Physicists. 


TO APPLY: 


Send a resume of your education 
and experience to: 


Mr. A. M. Johnston, Dept. 999 
Westinghouse Electric 
Corporation, P. O. Box 746, 
Baltimore 3, Maryland 


Westinghouse 


BALTIMORE 


Peers oem 
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EFFICIENT, COMPATIBLE 
AUXILIARY POWER SYSTEMS... | 


designed and built by N TCKE R$ 


Missile progress demands unquestionable reliability, maximum 
efficiency and compatibility of the system with the overall 
vehicle. These rigid standards are being met by Vickers with 
missile industry-tailored R & D, engineering, production and 
service capabilities blended with extensive experience gained 
from a large number of successful accessory applications on 
a majority of the current production missiles. 
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Typical Vickers designed 
APS’s include: 


Hot Gas Systems 

Close Frequency Systems 
Battery Powered Systems 
Door Mounted Systems 
Blast Tube Configurations 
Turbine Powered Systems 
Flywheel Systems 
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Using proven components as building blocks, Vickers can 
shorten APS development time and speed delivery . . . all with 
the assurance of dependability. These advantages are passed 6 
on to you whether your specifications call for one or any com- , 
bination of the following: 


e TEMPERATURE TOLERANT SYSTEMS HIGH SPECIFIC POWER 

















e MAXIMUM EFFICIENCY e HIGH OR LOW DRIVE SPEEDS 
e CLOSE FREQUENCY CONTROL e ACCURATE VOLTAGE REGULATION 

7 | 
For further information contact the nearest Vickers Sales and 


Service Office or write for Bulletin No, A-5236. 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 
Aero Hydraulics Division — Engineering, Sales and Service Offices: 
ADMINISTRATIVE and ENGINEERING CENTER TORRANCE, CALIFORNIA 
P.O. Box 302 . Detroit 32, Michigan 3201 Lomita Bivd., P.O. Box 2003 + Torrance, Calif. 


Aero Hydraulics Division District Sales and Service Offices: 
Albertson, Long Island, N.Y., 882 Willis Ave. + Arlington, Texas, P. O. Box 213 + Seattle 4, Washington, 623 8th Ave. South + Washington 5, D.C., 624-7 Wyatt Bidg. 
Additional Service facilities at: Miami Springs, Florida, 641 De Soto Drive 
TELEGRAMS: Vickers WUX Detroit « TELETYPE: "ROY" 1149 © CABLE: Videt 
8239 OVERSEAS REPRESENTATIVE: The Sperry Gyroscope Co., ltd.— Great West Road, Brentford, Middx., England 


Engineers and Builders of Fluid Power Equipment Since 1921 
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Radar Operational Simulation 
Keeps Navy on Continual Alert 


Servonics device already operational 
with the Navy supplies realistic blips, could 
be used in solving tactical problems 


by William FE. Howard 


WASHINGTON—Much depends to- 
day upon a radarman’s reflexes. 

In the increasingly complex “man- 
machine” relationship, his ability to 
make a split-second interpretation and 
identification of blips on a scope is all- 
important in the Nation’s defense sys- 
tem. On him hangs the crucial time 
factor to set in motion the vast U.S. 
retaliatory forces to combat a surprise 
Red attack, 

As the Cold War arms buildup 
moves implacably onward, with a hot 
war always an imminent possibility- 
yet seemingly remote—military units 
are hard put to keep the reflexes of 
these key human operators tuned to 
peak efficiency. With a nuclear-war re- 
sponse time measured in minutes, even 
a second’s inattention could be fatal to 
a city—the Nation 

For thousands of radarmen aboard 
ship, on patrol planes, in the outposts 
of SAGE, the DEW line, and soon, 
BMEWS, boredom is an_ insidious 
enemy. So is the familiar, Long hours 
can drone by for some without even a 
passing seagull to command their at- 
tention. In training exercises, no mat 
ter what pains are taken to create com- 
bat-similar conditions, the operator still 
knows it is make-believe 

Lacking have been the elements of 
surprise and urgency—the sudden 
bowel-stabbing realization that the fast- 
moving targets flitting across the scope 
may actually be an enemy attack: the 
real thing. 

Now, however, the Navy has a de- 
vice which, with the flip of a switch, 
can inject this much-needed realism in- 
to the radar of a ship or task force at 
any moment of the day or night. Called 
the AN/SPS-T2 and developed by 
Servonics Inc., of Alexandria, Va., the 
device reproduces signals very closely 
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resembling those appearing on a scope 
in a real enemy air attack 

It is already operational with the 
fleet. Servonics has produced 30 of the 
instruments and holds Navy contracts 
for 135 more. It appears from com- 
pany-sponsored studies that the tech- 
nique of simulation used may help 
solve air defense training problems by 
minimizing the man-machine problem 
in today’s complex weapon systems. 

® Versatility—Originally conceived 
as strictly a training aid, the target 
simulator could be utilized to solve 
operating radar problems 

In addition to bombers and fighters, 
the company says, the device can simu 
late jamming trom countermeasures 
and the signals can even be modified to 
reproduce missiles coming in at 17,000 
mph. It thus is a potential trainer for 





f 





BMEWS personnel as well as other 
military defensive units. 

Aboard ship the AN/SPS-T2 can 
activate the entire weapon system per- 
mitting simulated targets to be mixed 
with the live targets simultaneously on 
height-finding, air search and surface 
search radars. 

Advantages in this technique, as 
enumerated by Servonics, are: 

® The operations officer can inject 
“ghosts” into sector search indicators 
at will to test the proficiency of radar 
operators in detecting unknowns. 

® Ground control intercept maneu- 
vers can be practiced without actually 
putting planes in the air, With closed 
loop simulation, pilots can watch the 
mission of the ground coniroller 
thereby developing confidence between 
the pilot and the operator 


> 


aif. 


COMPACT RADAR simulator now in Navy use to keep radarmen on the alert was 
designed by Alex Long, center. Device may be used to train anti-missile batteries. 
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A SPECIAL KIND 
OF POSITION 


FOR SPECIAL KIND OF MEN 


To help meet the urgent and continuing problems of national 
security, RCA has created an Advanced Military Systems 
Department at Princeton, New Jersey. There, in an atmos- 
phere of complete intellectual freedom, men of a very special 
kind are engaged in highly sophisticated analysis and study 
of our national defenses—present and future—and how they 
can be made most effective to meet any future enemy capability. 


THE POSITION—Studies conducted by the RCA Advanced 
Military Systems Department are of the broadest scope and 
cover such diverse areas as physical and engineering sciences, 
military science, economics and geophysics. Accordingly, 
each member of the technical staff may select his own area 
of work. The only requirement: results must have a direct 
application to problems of national defense. 


Each staff member is provided with every opportunity, 
facility and detail of environment to use his creative and 
analytical skills to maximum advantage and at the highest 
level. He has no responsibility for administrative details. He 
can call in any specialists he may need. He has full access to 
all available information—military, academic and industrial. 
Furthermore, specialized research projects and laboratory 
work can be carried out at his request by other departments 
of RCA. 


THE MEN— The men who form the technical staff are a group 
of mature scientists and engineers. They are accustomed to 
responsible positions in industrial research, advanced devel- 
opment, or systems planning. Most of them have an exten- 
sive background in the broad fields of electronics, vehicle 
dynamics (space, marine or terrestrial), physics (astro, 
nuclear, or plasma), or operations research (military science). 
All are men who enjoy seeing the fruits of their work have a 
far-reaching effect on the defenses of the country. 


THE LOCATION — Princeton offers unique civic, cultural and 
educational advantages. The RCA Advanced Military Sys- 
tems Department itself occupies a new, air-conditioned 
building on the quiet, spacious grounds of RCA’s David 
Sarnoff Research Center. 


INQUIRIES ARE INVITED — If you are interested in learning 
more about this far-reaching program and the unusual op- 
portunities it offers to qualified men, write: 


Dr. N. I. Korman, Director 

Advanced Military Systems, Dept. AM-IKA 
RADIO CORPORATION OF AMERICA 
Princeton, New Jersey 





RADIO CORPORATION 
of AMERICA 
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® Data handling capability of the 
ship’s Combat Information Center can 
be increased through training of the 
team to cope with multiple high-speed 
unknown targets while reporting posi- 
tional data. 

® With several ships in fleet maneu- 
vers, Offset coordinates of each ship 
position relative to the target are meas- 
ured by the simulator. The attacking 
targets are simultaneously cut on to fly 


courses, allowing each ship to receive 


the target complex as it would be 
viewed normally by their own radar 

© In the event a real target is wiped 
off the scope by interference or coun- 
termeasures, the simulator can inject 
an artificial signal to track the target 
from its last known position. Simula- 
tion of noise also permits training of 
operators to “see” through radars with 
a relatively high noise level. 

The AN/SPS-T2 permits a form of 


| tracking from air search radars and 





allows training in the correlation be- 
tween air search and height finding 
radar data. 

A single AN/SPS-T2 in a 14-cubic 
foot package generates six radar targets. 
However, the units can be hooked up 
in parallel to give the position, course, 
speed, altitude, turn rate and other data 
of as many as 30 targets. The simulator 
also reproduces relative motion of the 
target to ship, clutter, fading and range 
attenuation. 

® Started in 1956—Designed to op- 
erate with all radars presently in the 
fleet, targets are generated by the simu- 
lator through manually manipulated 
knobs on the front panels of three of 
the four system cabinets. One unit 
provides information which is com- 
mon to all the targets. It also is the 
source of the target video signals and 
antenna positioning signals which are 
supplied to the PPI and RHI indicators 
in associated radar systems. 

The trainer is the brainchild of 
Alex Long, 32-year-old president and 
head engineer of Servonics, which was 
founded just four years ago this month. 
The company began developing the de- 
vice back in April, 1956, under Navy 
sponsorship. Given a year to come up 
with a prototype, Long’s team pro- 
duced one in six months, and the 
Navy promptly ordered two more. 

In early 1958, the simulator was 
subjected to fleet evaluation and in 
June of that year Servonics received a 
production contract in excess of $2 mil- 
lion. 

It was aboard ship that the broader 
applications of operational simulation 
were realized. Now the company sees 
the AN/SPS-T2 as a prime weapon in 
the Cold War—keeping the Nation’s 
front-line defenses in perpetual chips- 
are-down readiness. 
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ARS Abstracts 


More Papers from the 


Recent Annual Meeting 


WASHINGTON—The 14th annual 
meeting of the American Rocket So- 
ciety held here Nov. 16-20 produced a 
number of significant papers in all 
areas of mnissile/space technology. 
M/R published many last week. Here 
are more: 


Bio-Instrumentation 
Objectives of Bio-Instruments, Albert W. 
Hetherington, Air Research and Develop- 
ment Command, U.S. Air Force, An- 
drews AFB, Md. 


The author discusses the overall philos- 
ophy of bio-instrumentation. Specific goals 
discussed are the collection of scientific 
biological information, the monitoring of 
the status of the astronaut and the making 
the space-man’'s non-conscious and non- 
yoluntary bodily status indicators a part of 
various control loops in the space vehicle 
(ARS 930-59) 


Biological Monitoring of Space Flight, 
Maj. Cloid Green, Aerospace Medical 
Center, Brooks AFB, Tex. 

The paper discusses three phases of bio- 
logical monitoring of space flight: the gath- 
ering of data from animals in order to 
delineate problem areas; the providing of 
a proving ground for the techniques under 
development; and the providing of protec- 
tion and/or assistance for the human pilot 
(ARS 931-59) 


Instrumentation of Nervous System for 
Studies of Behavior, W. R. Adey, M.D.. 
Univ. Calif. at Los Angeles, Los Angeles 
Calif. 

After presenting a history of brain mech- 
anism study, the author discusses the re- 
sults of tests monitoring brain regions in 
correlation studies of behavioral states, the 
special relationship of the temporal lobe to 
behavioral performance, the techniques of 
implantation of brain electrodes, required 
characteristics in amplifiers and recording 
systems, data reduction and computing, and 
self-stimulation techniques in _ behavior 
studies. (ARS 933-59). 


“Space Canaries”:—Implicit Biological 
Monitoring, Alfred Breckler, M.C., Leslie 
Kaeburn, Ph. D., Ben. L. Ettleson, A.B.. 
and David W. Douglas, A.B. 

The authors discuss biological research 
with animals in preparation for manned 
space flight. Specific subjects discussed are 
difficulties in human and animal instru- 
mentation; a history of feasibility experi- 
ments, surgical procedures, feasible param- 
eters for radio transmission, and possible 
applications of animal research in the space 
program ARS 925-59) 


Thrust Orientation Patterns for Orbital 
Adjustment of Low-Thrust Vehicles, Har- 
old Brown and J. Richard Nelson, Flight 
Propulsion Laboratory, General Electric 
Co., Evendale, O. 

The authors discuss the use of low- 
thrust propulsion systems to adjust a space 
vehicle’s orbit. The paper covers the char- 
acteristics of a space vehicle’s orbit and 
environment in cislunmar space, the desired 
changes in orbit possible with low-thrust 
rockets, and the various types of missions 
in which low-thrust rockets can be useful 
(ARS 955-59) 

Differential Correction Experimentation 
with the Low-Eccentricity Geocentric Or- 
bit, L. G. Walters, S. T. Van Sant, J. D. 
Enright, and L. Saskin, Aeronutronic, a 


(continued on page 43) 
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PRESSURE PICKUP 








SOLID PERFORMER 
CEC’S NEW 4-380A POT PRESSURE PICKUP 


Now with a redesigned flexure support system, the 4-380A sets a new standard 
of performance for low-pressure potentiometer pressure transducers. The 4-380A 
is unequalled for resistance to shock and vibration. Most pressure ranges are 
capable of continuous exposure to 25 g vibrations up to 2 KC for periods up to 
several hours with negligible change in calibration. 
Pressure ranges are available from *1 psi to 100 
psi. Absolute, gage, and differential models are 
offered. Operating over the temperature range from 
65° F to ~-200° F, most pressure ranges exhibit 
temperature effect of less than one percent. The 
unique construction of the 4-380A keeps the meas- 
ured fluid external to the mechanical and electrical 
system. In absolute models, the internal mechanisms 
are enclosed within the evacuated chamber. For 
detailed specifications, call your nearest CEC sales 
and service office, or write for Bulletin CEC 


1604-X20 





Transdu Cc Division 


CONSOLIDATED ELECTRODYNAMICS / 360 sierra madre villa, pasadena, california 


Circle No. 22 on Subscriber Service Card. 
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Three generations of ARMA computers: 
THE SECOND GENERATION 





an intellect 


that can think 
anywhere 


The systems of tomorrow will require 
digital computers that can think any- 
where —intellects that will remain su- 
perior in any environment. 

ARMA —already producing com- 
puters for its inertial guidance system 
in the ATLAS ICBM — has accepted 
the challenge and developed a light- 
weight, second-generation digital 
computer applicable to a// types of 
navigation. It can be used in space, 
atmospheric, surface, subsurface and 


ground navigation, making possible 
programming flexibility. 

This all-solid state computer, with 
no moving parts and using silicon 
semiconductors exclusively, has a 
memory that is non-volatile and has 
non-destructive readout. And this 
computer has 40 per cent fewer parts 
than ARMA’s first-generation pro- 
duction model, which has a test per- 
formance unequalled by any other 
digital computer. 









An even more sophisticated third- 
generation computer, surpassing the 
reliability of the first two with still 
less weight, will be produced in the 
future by ARMA. The reliability of 
all three generations will be assured 
by thorough testing in ARMA’s en- 
vironmental facilities —the most com- 
plete in the industry. 

ARMA, Garden City, N. Y., a 
division of American Bosch Arma 
Corp. . . . the future is our business. 


Attention, Engineers: Write to E.C. Lester, Emp. Supv., about career openings in R & D programs. 


AMERICAN BOSCH ARMA CORPORATION 
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——more about the missile week 


¢ Cape Canaveral, Fla.—A Lockheed Polaris roared 
more than 900 miles down the Atlantic Missile Range 
Nov. 20 and landed near the predicted impact area 
near Puerto Rico. It was the second successful shot in 
the 900-mile test series. 

It was followed on Nov. 
launching of a Convair Atlas. 


24 by a “routine” test 


* Vandenberg AFB, Calif.—The Air Force placed the 
eighth Discoverer satellite into a 120 to a 1000-mile 
polar orbit. But Air Force and Navy recovery teams 
again failed to recover a capsule dropped from the 
orbiting satellite. The capsule is believed to have plunged 
into the Pacific near Hawaii. 


* Washington—The Atomic Energy Commission created 
an Aerospace Nuclear Safety Board to look into possible 
radiation menaces that might result from the use of 
nuclear-powered rockets. The board also would watch 
over development programs for nuclear ramjets and 
aircraft. 


* White Sands, N.M.—A 3l-year old airman—Capt. 
Joseph Kittinger—parachuted from the fringe of space, 
setting a new record. Kittinger jumped from the gon- 
dola of a balloon 76,400 feet over the desert. He 
plummeted 12,000 feet at speeds reaching 450 miles an 
hour before he opened his 28-foot parachute 


* Los Angeles—Missiles and space-related business ac- 
counted for 43° of North American Aviation Inc.’s 
sales in the FY which ended Sept. 30—compared to 
20% in 1955. The company reported sales for the year 





topped $1 billion—a 16% increase over 1958's $904 
million and second only to its record 1957 sales. Net 
earnings were $30.7 million, equal to $3.80 a share, 
against $26.7 million, or $3.34 a share, for the previous 
year. 


* Washington—The Aerospace Industries Association 
told the Labor Department a redetermination of aircraft 
minimum wages might increase labor costs by as much 
as $100 million annually—thereby inflating defense pro- 
curement costs. AIA also said such action would give 
labor unions an effective weapon when wage reopening 
starts next year because it would tend to increase wages 
beyond rates agreed to in collective bargaining. 


* Washington—Declaring space exploration will require 
increasing support from the military, ARDC Com- 
mander Bernard A. Schriever said the United States 
“cannot afford to concentrate solely on scientific ex- 
plorations in space, and ignore its vast extension of the 
air as a theater of military operations.” His statement 
was in direct opposition to Eisenhower Administration 
policy. Following the switch of ABMA to NASA, the 
President said he could not see “any reason why we 
should be using or misusing military talent to explore 
the moon. This is something that deals in the scientific 
field . 


* Washington— Additional funds were released by DOD 
for continued production by The Martin Co. of the 
Tactical Air Command’s Mace. The Air Force said the 
total amount of the production program will now be 
about $100 million. 





270 Watts Generated 
From Rocket Exhaust 


An astronertial and inertial guid- 


An experimental thermionic gen- 
erator tube which weighs 312 pounds 
and slips like a sleeve over a flame 
tube has produced up to 270 watts 
from the exhaust of a solid rocket 
motor. 

Developed jointly by Radio Corp. 
of America and Thiokol Chemical 
Corp., the lightweight device in tests 
has proven to be efficient and feasible. 
Engineers of the two companies report 
that during powered flight, the tube’s 
output could operate missile or space 
vehicle guidance, steering and tele- 
metering packages—thus removing the 
requirement for heavy chemical bat- 


Industry on the Move 


ance research center costing $4 million 
is being built by the Nortronics Divi- 
sion of Northrop Corporation .. . Near 


New Liquid Hydrogen Facility 


Dallas, Temeo Aircraft Corporation is 
constructing a radiation systems lab- 
oratory . . . Corning Glass has formed 
a ceramic department to make parts 
for the electronic industry . . . Tridea 
Electronics Inc. has moved into a new 
location at South Pasadena, Calif 








teries, increasing vehicle payload. 

Resembling in operation a conven- 
tional two-element electron tube, the 
cathode of the thermionic generator is 
formed by the inner wall of the hollow 
cylinder, which is in contact with the 
hot exhaust. The outer wall forms the 
second electrode. Cesium vapor be- 
tween the walls becomes ionized upon 
heating and transmits electrons to the 
outer electrode. 
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THIS UNIT with a capacity of more than 25,000 iets of liquid hydrogen per 
month is operating at Tonawanda, N.Y., laboratories of Linde Company, division 
of Unien Carbide Corp. It turns out fluid with less than 2 parts/million impurities. 
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EXPLORE 
NEW AREAS 
AT IBM IN 


Now under development at IBM are new and unusual elec- 
tronic computing systems that will greatly strengthen man’s 
control of his environment. In one project, for example, 
advances in acoustics, oceanography, and information theory 
are being coordinated to yield a data system that will sentinel 
the ocean’s depths. Another group is applying a computer's 
logic and computational capabilities to analyze, correlate, and 
identify input signals to data acquisition systems In the late 
development stage is an extremely high-speed, large-capacity 
eomputing system which will automatically handle the large 
volume of detailed records and communications required by a 
nationwide sales operation. To staff such efforts, scientists, 


mathematicians, and engineers of vision are needed 


SYS 


IBM’s rapid expansion provides many opportunities for you 





to advance—either through technical achievement or engi- 
neering administration. You may work independently or with 
a small team, and you can choose your assignments from a 
broad range of research and development areas. Specialists of 
many different backgrounds are available to assist you in your 
work. This is an excellent opportunity for a scientific o1 
engineering career that combines maximum growth potential 
with job stability. 
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CAREERS ALSO AVAILABLE 
IN THESE AREAS... 


Acoustics 


Applied mathematics 
& statistics 


Applied physics 

Circuit design & development 
Component engineering 
Computer analysis 
Cryogenics 

Flight test analysis 
Human factors 

Inertial guidance 
Information retrieval 
Logical design 
Magnetics 

Microwaves 

Operations research 
Programming 

Radar circuitry 
Transistor circuit design 
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QUALIFICATIONS: B.S. or advanced degree 
in Electrical or Mechanical Engineering, Phys- 
ics or Mathematics—and proven ability to 
assume a high degree of technical responsi- 
bility in your assignments. 


TYPICAL ASSIGNMENTS 

Planning and logical design of solid state 
computers, input-output systems, and peri- 
pheral equipment. Knowledge of digital sys- 
tems required with experience in transistor 
circuitry and switching techniques. 


Analysis of ferrite ‘“‘memory” and buffer 
systems and design of new high-speed con- 
figurations, including drive and addressing 
circuitry, for advanced solid state data proc- 
essing systems. Familiarity with digital com- 
puter systems and magnetic core ‘‘memory” 
design 


Solutions of real-time control problems with 
digital techniques; mathematical analysis of 
navigation and fire control systems, ray trac- 
ings, and signal cross-correlations. 

Application of information theory to signal 
processing. Familiarity with signal cross- 
correlation techniques, statistical data proc- 
essing, sampled-data control theory, analog 
digital data processing techniques, signal 
propagation, and beam formation. Naval ex- 
perience required in at least one of these 
specialties: sonar, fire control, ASW, naviga 
tional systems, signal processing 


investigation of new computer applications 
and techniques, based on observation and 
analysis of customer needs; establishment of 
broad systems concepts, assisting in both 
logic and machine design. Experience re- 
juired in digital computer applications, tech- 
nical organization of a medium or large 
machine installation 


Circuit design of advanced data processing 
systems and input-output equipment, working 
closely with logic designers. Experience re 
quired in design of arithmetical control and 
switching circuitry to reduce logic diagrams 
to component counts for cost-estimating 
development 


Application of transistor-diode logic to de- 
velop advanced circuitry; review of new cir 
cuits for possible use in digital control sys- 
tems, defining basic techniques for improving 
performance characteristics. 


Laboratory facilities are located in Endicott, 
Poughkeepsie, Kingston, Owego, and York 
town Heights, N. Y.; Lexington, Ky.; and San 
Jose, California. 


For details, write, outlining background and 
interests, to 


Mr. R. E. Rodgers, Dept. 604K5 
IBM Corporation 

590 Madison Avenue 

New York 22, N. Y. 





INTERNATIONAL BUSINESS MACHINES CORPORATION 


ARS Abstracts 


(Continued from page 39) 


division of Ford Motor Co., Newport 
Beach, Calif. 

The paper discusses a differential correc- 
tion procedure inclusive of special perturba- 
tions which has been developed especially 
for the low-eccentricity orbit. The procedure 
has, in previous experiments, determined 
orbit in less than one minute of IBM-709 


machine time. (ARS 960-59) 


Optimum Re-entry via a Variable Control 
Force, F. J. Marshall, Institute for Sys 
tems Research Laboratories for Applied 
Sciences, Univ. of Chicago. 

The author discusses the reduction of 
harmful re-entry affects by allowing the 
vehicle to choose its velocity for a given 
density by control forces. The four control 
systems considered are: a thrust controlled 
radiating body; an aerodynamically con- 
trolled radiating body, a thrust controlled 
non-radiating body, and an aerodynamically 


controlled, non-radiating body (ARS 956- 
59) 

Outline of the Mechanics of the Power 
and Launching Phase for Missiles and 


Satellites, Carl A. Traenkle, Aeronautical 
Research Laboratory, Wright Air Develop- 
ment Center, Wright-Patterson AFB, O 
The author demonstrates how optimiza- 
tion problems of missile trajectories and 
satellite orbits can be solved very quickly 
by the method of “Reference Trajectory,” 
followed up, if required, by the ‘“Perturba- 
tion Method,” thus refining the results to 
any wanted degree of accuracy ARS 958- 


Ji) 


Planetary Perturbations of Interplanetary 
Orbits, James E. Michaels and Evelyn A 
Strawbridge, Missile and Space Vehicle 
Dept., General Electric Co.., Philadelphia 

The authors study the perturbation ef- 
fects of the planets on interplanetary bal- 
listic trajectories. The analysis results in an 
equation which integrates the instantane- 
ous accelerations of a perturbing planet on 
a space vehicle over a predetermined ballis- 


tic flight path, giving the total deviation 
from that flight path. (ARS 957-59 

Researches in Interplanetary Transfer, 
John V. Breakwell, Rollin W. Gillespie 


and Stanley Ross, Lockheed Missiles and 
Space Div., Sunnyvale, Calif. 

The paper explains a method by which 
interplanetary trajectories may be calculated 
extremely rapidly and to a degree of ac- 
curacy suitable for design studies. By split- 
ting the three-center problem associated 
with interorbital ballistic transfer into three 
one-center segments which overlap some- 
what at their junctions, solutions may read- 
ily be found by machine iteration. The 
extreme speed of the method enables whole- 
sale amounts of worthwhile numerical re- 
sults to be obtained. (ARS 954-59 


Power Systems 
\ Method of Predicting Missile 
Unit Performance Through the 
Rocket Parameter, Paul ¢ 
Airplane Co., Seattle. 
Presents arguments and supporting data 
for use of specific impulse as a suitable 
parameter for measuring performance of 
missile propellant-type secondary power 
units. (ARS 1036-59) 


Power 
Use of 
Juhasz, Boeing 


Approaches to the Ultimate in Conver- 
sion of Solar Heat-to-Electricity, Thomas 
limar, Boeing Airplane Co., Seattle. 
Discusses potential of thermal devices in 
converting solar energy to electric power 
Shows what could be accomplished in 
weight reduction by converted effort and 
predicts that thermal devices may yet prove 
better than solar cells. (ARS 1038-59) 
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About the earthly side of the Nike Ajax. 


The U. S. Army’s Nike Ajax is a strange but potent bird. Graceful, tough, 


packed with delicate instruments. He will fly only once in his lifetime 





only in the event of an enemy attack. To launch him with split-second | 


timing and accuracy, the Army puts most of its manpower and most of its’ 


materials into ground equipment. And virtually all the material required | 


other than electronic equipment can be purchased from one firm—United | 


States Steel. Whether you're talking about carbon steel, high-strength 


low-alloy, or ultra high-strength alloy steels, Stainless Steel, steel fence, 
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The Nike Ajax spends his days in a concrete and steel! nest like this one. It takes miles of wire and cable to rig a Nike nest. It will take 
ICBM's will also live this way, but in nests that will take thousands of hundreds of miles when bigger birds are put to roost. The Army uses 
tons of concrete and steel. U.S. Stee! specialists work continually with many types of steel and steel products in a Nike nest. U.S. Stee! con- 
designers and construction engineers to find ways to use steel to its full ducts research and knows how to cut costs for any steel product used 
advantage on such projects to build stronger with less materials ...to In ground support equipment. 


build them faster. 
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electrical cable, cement or wire 
rope, United States Steel maintains 
the technical services to provide the 
proper assistance to cope with any 
problem on materials for ground 
equipment. When a ground sup- 
port program goes to the drawing 


board, consult with 


How light can you make a steel boom for any missile system without 
sacrificing strength? The proper selection of USS High-Strength Steels 
or Constructional Alloy Steels has cut the weight of similar equipment 
as much as 4—and increased the strength and service life. 
























—new missile products 


New Thermal Relay Is 


Produced for Missile Use 


A Type PT Thermal Time Delay 
produced by GV Controls Inc. is said 
to be a new design developed to pro- 
vide greater shock and vibration re- 
sistance and higher precision than has 
been available before. 

This relay may be operated under 
vibration of 20 g up to 200 cps and 
under shock of 50 g for 11 ms. There 
is no resonance below 2000 cps and 
extended exposure to these conditions 
causes no damage or change in char- 
acteristics. 

Operating time delays of 3 to 60 
seconds are available. Time delay is 
factory set within a tolerance of +5%. 
Effects of ambient temperature have 
been greatly reduced and are held to 
+5% over the range of -65°C to 

125°C. Heater voltages range from 2 
to 115 volts for delays of 3 to 12 
seconds and from 2 to 230 volts for 
the longer delays. 

Relays are hermetically sealed in a 
rectangular case | 3/16” x 2 1/4” x 
%” high. Leads project thru the 
bottom of the case and are located on 
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0.2” grid spacing for convenience in 
use with printed circuits. Weight is 2 
to % oz. 


Circle No. 245 on Subscriber Service Card. 


Coating Temporarily 
Protects Polished Surfaces 


Temporary protection of polished 
surfaces—metal, glass and many plastics 
—is provided by a new, scratch-resist- 
ant coating, Zincilate WST-100, that 
can be easily removed with a simple 
warm water rinse. The product is 
offered by Industrial Metals Protectives 
Inc. 

The coating is non-flammable, will 
withstand forming and bending, and 
offers complete resistance to petroleum 
solvents. It is a non-reactive, inorganic 
type of coating that air-dries to full 
hardness in 30 minutes. Drying time 
can be reduced with warm air circula- 
tion or infrared baking. 

Zincilate WST-100 requires no mix- 
ing, may be applied by spray, dip. 
roller coat, flow coat or pressure cur- 
tain methods. No special surface prep- 
aration other than a normal solvent 
wipe is needed. Coverage will average 


7 TELEFLIGHT 


MODEL180 


AIRBORNE PRESSURE TRANSDUCER 


Approximately 3/2" long and 10 ounces in weight. The 


rugged construction of Model 180 makes it the ideal Transducer 


for airborne applications. BONDED STRAIN GAGE construction 
results in low sensitivity to vibration or shock in any axis. Proving 


ring acts as a heat-sink for the strain gages under zero gravity 


conditions. Resolution is INFINITE. Features standard built-in 
pressure overload protection. Pressure Ranges: 0-350, 0-750 and 


0-1,000 PSI. Linearity 0.3%, Hysteresis 0.25% of F.S. at any given 


point, Ambient Temperature —100° F. to +2.75° F. 


Write for literature on Miniature Transistor 
Amplifiers which were specially 
developed for missile and rocket applications 


Write or telephone for literature and prices. 
TABER INSTRUMENT CORPORATION 


. 107 Goundry St. 
. A North Tonowanda, N. Y. 


Section 217 


Me Phone: LUdlow 8900 © TWX - TON 277 
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Circle No. 23 on Subscriber Service Card. 





MODEL 196G TRANSISTOR AMPLIFIER 


1000 sq. ft. per gallon, at .001" thick. 


ness. Complete information may be 
obtained from Industrial Metal 
tectives, Inc., 401 Homestead Avenue, 
Dayton 8, Ohio. 

Circle No. 246 on Subscriber Service Card 


Machine Separates 
H., N. from Ammonia 


New YorK—A compact machine 
capable of producing high-purity hydro. 
gen and nitrogen gases from ammonia 
is being marketed jointly by North 
American Phillips of New York and 
Hamler-Lewis, Limited, of Chicago 

The device, known as the Norelco 
Ammonia-Gas Separator, employs a 
super-cold refrigerator and _ should 
eliminate problems often encountered 
in the delivery of hydrogen from out- 
side sources, problems such as muni- 
cipal transport restrictions 

Hamler-Lewis will install the sepa 
rators on direct purchase or lease con- 


tracts, service the equipment and pro- 


vide high-purity, metal-treating-grade 
ammonia delivery 
Circle No. 247 on Subscriber Service Card. 









MODEL 214 TRANSISTOR AMPLIFIER 
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Relay Satellite System 
Under Development 


An experimental communications 
relay-satellite system is being developed 
by Bell Telephone Laboratories, which 
has begun building the first prototype 
station here. 

Primary objective in the program ts 
to determine whether such a system 
could transmit and receive transcon- 
tinental broadband (900-channel equiv 
alent) signals. 

The experimental program will also 
provide several by-products: microwave 
radio signals will be analyzed to learn 
more about transmission and 
the reflection characteristics of an orbit 
ing satellite will be studied from the 
data obtained. 


effects, 


Iwo types of antennas will be em 
ployed: a paraboloidal reflector for 
transmitting, and a horn reflector for 
receiving. Almost perfectly unidirec 
tional, the Bell Lab-developed 
antenna picks up less than one mil 
lionth as much as from other direc 
tions. It reduces ground radiation deg 
radation to a minimum, according to 
Bell 

A highly sensitive receiver will em 
ploy either a pair of parametric am 
plifiers or masers for noise reduction 

The satellite experiments are ex 
pected to be preceded by test trans- 


horn 


missions using lunar reflection The 
test path—2300 miles long—will be 
between Jet Propulsion Laboratory's 


tracking station at Goldstone, Calit 
and Bell’s new Holmdel site 
Circle No. 248 on Subscriber Service Card 


Servo Valve Has 
Only Two Moving Parts 


Kearfott Co., Inc. a subsidiary of 


General Precision Equipment Corp.., 
has introduced a unity-coupled shear 
orifice electrohydraulic servo valve 


capable of optimum 
severe environments 


performance 1n 


The valve consists of only two 
moving parts—a spool and a sliding 
fork integral with a torque motor’s 
armature. Of titanium construction. 


this valve has large, full-opening “shear 
seal” orifices which virtually eliminate 
silting problems, while high 
forces easily clear the valve of 
taminants. Essentially a two-stage four 
way control valve, Model 6103's first 
consists of an electrical 
“shear-seal” orifice hy 


shear 


con 


Stage torque 


motor and a 


draulic amplifier; its second, or control 


Stage consists of a precisely matched 


spool and sleeve arrangement 
Hydromechanical unity feedback 

relates spool position to torque motor 

also nulls out 


armature position and 


the effects of orifice variations pro 
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fluctuations in supply pres- 
temperature. With hydro- 
mechanical positional feedback, flow 
force reactions are substantially re- 
duced and hydraulic centering of the 
pilot position is accomplished without 
the spring and null shift 
commonly encountered in valves using 


the force feedback principle. 


duced by 


Sure and 


hysteresis 


Springs and mechanical null adjust- 
ments have been eliminated entirely, 
and final null adjustments are made 
electrically by a balancing control at 
the amplifier output stage. The torque 
motor’s high and 


power long stroke 


contribute to valve stability, minimiz 
ing the effects of temperature shifts, 
vibration, and mechanical 

High differential 
spool, together with spool and sleeve 
hardness, combine to provide effective 
dirt shearing action and freedom from 
friction in the second stage. Suspect- 
ibility to magnetic contaminants has 
been minimized, and although fluid is 
allowed in the motor cavity to 
the coil at high ambient temperatures, 
the cavity is isolated from load flow by 


stresses 


pressure on the 


cool 


spool lands and baffles 


249 on Subscriber Service Card. 
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. 
time eee inthe deadly game of chance we call the cold war, there's no 


room for guesswork. We must know, every hour of every day, 


exactly where our potential enemies’ strength lies 


Electronic Reconnaissance today is one of our major de- 


fensive weapons 


incredible 


“eyes” with which we can not 


only detect enemy radar and missile guidance signals, but 


determine with precise accuracy the location, type and cap- 


ability of the signal source as well 


The Hallicrafters company has been engaged actively in 


top priority research and development of Electronic Recon- 


naissance Equipments since 1952 


Looking for a challenging new opportunity? Recent increases in 


major contract work have create d new openings jor qualified engi 


neers af ali ieveis 


Frankart, Direct 





For full details in « 
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r oO; Engineering 


hallicrafters 


4401 W. Fifth Avenue, Chicago 24, lilinois 
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Here’s a NEW 
FILTER ELEMENT 
that FORBIDS 

MEDIUM 
MIGRATION 


& : “ond ihe: 
Sh AST NAME; 


BS in FRIRATION: 


—~ 





to 1800 F 


From SKINNER —a name famous in 
filtration since 1927 — comes a unique, 
high temperature filter element for 
high performance aircraft and missile 
applications. A unique acid resistant 
braze and fabrication method whips 
the problems of acid compatibility and 
restricted temperature ranges. Temp- 
erature limits are from —400 F to 
1800 F in continuous fluid-operating 
ranges. No filter medium migration. 
A smaller envelope is another advan- 
tage of this highly efficient element. 
Any type of housing applicable and 
delivery is immediate. If you have a 
filtering problem, write Skinner 


DIiviStoOn O F 
7 lhydrodyne 
CORPORATION 
7350 Coldwater Canyon, No. Hollywood, Calif. 


Phone: POplar 5-800] 
Circle No. 25 on Subscriber Service Card. 








west coast industry... 


BY FRANK G. McGUIRE 


A Palo Alto research and development company with 26 employes 
and two boards of directors has taken an interesting approach to for- 
mation of a successful R&D effort. Vidya, Inc., a partly-owned sub- 
sidiary of Itek Corp., recently announced the composition of its sci- 
entific board of directors, which will provide counsel to technical 
and administrative top management in high-level decisions. Vidya is 
a relatively new firm specializing in orbital mechanics and control, 
re-entry, plasma physics, space electronics, and other sophisticated 
areas of space flight. 

The scientific board of directors includes Luis W. Alvarez, physics; 
Dr. Nicholas J. Hoff, structures; Dr. Samuel A. Schaaf, aerodynamics; 
Dr. Joseph M. Pettit, electronics; and Dr. Kenneth Street, Jr., chem- 
istry. Members of the business board of directors, some of whom 
would apparently qualify for the scientific board as well, include 
chairman J. H. Carter, a vice president of Itek Corp. and formerly 
manager of the WS/17L program (Agena, Discoverer, Midas, etc.) at 
Lockheed, and company president Wallace F. Davis. 

Originally formed by a group of senior scientists, many of them 
from the Ames Laboratory of NASA, Vidya was purchased by Itek 
this year, and reportedly has unlimited financial backing from the 
parent firm. The present group of 26 scientists and supporting per- 
sonnel is expected to increase to several hundred within two years 
and the company is now forming an aerospace division 





Convair’s battle for a new warehouse site 

has reached the stage of circulating petitions, newspaper editorials, 
“unidentified interests” and indignant declarations. Cause of the up- 
roar is the rezoning of a 24-acre plot of land adjacent to Convair- 
Astronautics from residential to industrial use, thus allowing Con 
vair to build on it. The rezoning, approved by the city council and 
city planning commission, will take effect December 4, unless 9273 
protesting signatures are presented on a petition by the previous 
day. The petition, with unknown backers, is being circulated by a pro- 
fessional petition circulator in hopes of blocking construction of the 
$4-million warehouse needed for the Atlas program. Many believe 
that the “unidentified interests” vigorously opposing the rezoning are 
an unsuccessful group of bidders for the warehouse site. Convair 
would be forced to buy other land if its present plans are blocked, 
and owners of nearby available land are suspected of backing the 
petition and other agitation 


Number of workers in aircraft missiles 

in Southern California has doubled in the past nine years, despite 
recent general trends toward fewer production workers. It will be 
interesting to note the trend over the next nine years. Although no 
breakdown is available for aircraft/ missile wages, the average weekly 
wage of employes in all manufacturing in Southern California was 
$65.58 in 1950 and $102.82 in September, 1959, both assuming a 
40-hour week 


Arnoux Corp.’s fourth acquisition in four months 
indicates a rapidly expanding complex of electronic capability for 
the firm. Through its Automation Electronics division, Arnoux has 
acquired Perfex Connector Corp. for an undisclosed amount. Perfex 
recently moved into a brand new plant in Monrovia, where it manu 
factures both special and standard types of connectors. In August 
Arnoux announced acquisition of Instrol, Inc., of Santa Barbara, and 
Automation Electronics Inc. In October, Astra Technical Instrument 
Corp. joined the family as a producer of temperature transducers 
More growth is reported to be in the making 


The Infrared Information Symposium 

held in Pasadena recently brought out some interesting figures in IR’s 
future. It was predicted that this field will be in the $500 million 
category as a market by 1961, and will hit $5 billion by 1965. But 
nobody will know about it unless IRIS security loosens a bit, Of the 
850 attendees at the meeting, 65 were security officers from various 
agencies. 
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ELECTRONIC-ELECTRICAL ENGINEERS 





Are you enjoying these advantages 


in your present position? 





[| Space-age assignments. 


Boeing’s extensive systems management 
experience and its space-age orientation have 
laid the foundation for continuing growth and 
leadership. Underway at Boeing are advanced 
space-probe research projects, and lunar, 
orbital and interplanetary systems studies. 
Electronic and electrical engineers find at Boe- 
ing assignments of tremendous scope and pro- 
fessional reward in radar, infrared, antennas, 
guidance and control, instrumentation, and 
communication. 


[ | Advanced research facilities. 


Boeing’s research, development and engineer- 
ing facilities are among the most varied, exten- 
sive and complete in the industry. If your field 
is design or development, you'll be backed up 
by research scientists working in ion and plas- 
ma rockets and fields covering the full spec- 
trum of electronic requirements of advanced, 
integrated systems. If your prime interest is 
research, you'll be working with up-to-this- 
minute equipment. In addition, the Boeing 
Scientific Research Laboratories is staffed to 
develop new and fundamental knowledge at 
the frontiers of science. 


[ | Opportunity for Advancement. 


Spacecraft and advanced missile projects—in- 
cluding Minuteman solid-propellant ICBM— 
are expanding at Boeing, creating an increasing 
demand for electronic-electrical engineers cap- 
able of moving up to positions of greater 
responsibility and income. To help engineers 
get ahead faster, Boeing maintains a company- 
paid graduate study program, and conducts 
regular personal merit reviews to assure you a 
continuing opportunity for individual recogni- 
tion and advancement. Boeing also carries out 
other company programs designed especially 
to develop personnel for added responsibilities. 


SELDEN i 


Seattle + Wichita + Cape Canaveral 
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Better family living. 





Boeing headquarters are located in the ever- 
green Puget Sound area, world famous for fresh 
and salt water boating, fishing, hunting, camp- 
ing, scenic forests and dramatic snow-capped 
mountains one hour away offering six-months- 
a-year skiing. Per capita boat ownership is 
America’s highest. Climate is mild the year 
‘round, with average minimum temperature of 
46.3°. Area is also noted for beautiful modern 
homes, outstanding schools and universities, 
cultural activities, unexcelled shopping facili- 
ties. At Boeing you work your best and play 
your best, because both career and living con- 
ditions for the whole family are ideal. 


There is more to getting ahead in engineering and 
science than one’s own ability. Of almost equal impor- 
tance is the environment in which you work. If, in 
your mind, there is any lingering doubt that your 
present surroundings do not meet a// the requirements 
for achieving your fullest professional growth, it will 
pay you to check the advantages Boeing can offer. 


Electronic-Electrical Engineers 


“\ Write today for details of challenging, long- 


gat? 


range positions available to you right now at 

Boeing. You'll find at Boeing a dynamic 

professional environment that’s conducive 
to rapid advancement and deeply re- 
warding achievement. 





Mr. Stanley M. Little, 
Boeing Airplane Company, 
P. O. Box 3822 - MIG, Seattle 24, Washington 


Send me details of electronic-electrical positions, and the 


booklet, “Environment for Dynamic Career Growth.” 
Name 

Address City State 
Degree s) 


Field of Interest 
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FRI 


thinks 





i 





Thinking up solutions to the 
problems of space refueling is 
but one phase of FRI’s work 

in fast fluid transfer. CSE 
applications include handling of 
nuclear coolants, corrosives, 
and exotic fuels. 


Solving the unusual problem is 

a specialty of the house. Whether 
your project requires design, 
manufacture, testing, or plain 
“thinking up answers’, FRI 

is the team to call in. 


Flight Refueling, Inc. 


Baltimore 3, Md. 


write. 


ae 


Friendship International Airport « 

REPRESENTATIVES 

West Coast: William E. Davis, Box 642, Inglewood, California 

Denver: Price Engineering Sales Assoc.. Box 421. Littleton, Colo. 
Circle No. 26 on Subscriber Service Card. 
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—people 


Thomas E. Gootée has left Gover: 
ment service to accept an executive posi 
tion with Page Communications Engi 
neers, a subsidiary of Northrop Corp., 
located in Washington, D.C. 

Gootée will be Assistant Director of 

Maintenance and 
Operations for the 
firm, which per 
forms government 
industrial global 
communications sys 
tems engineering, 
particularly in the 
fields of tropo 
spheric, ionospheric 
scatter communica 

GOOTEE 

Prior to military and civilian govern 
ment service, he was a field engineer with 
the National Broadcasting Co 
and New York 


tions. 


in Chicago 


J. C. Pitchford has been named vice 
president in charge of engineering at Ben 
son-Lehner Corp. He will be responsible 
for the management and direction of the 
firm’s expanding engineering department 
with particular emphasis on implementa 
tion of a program for development of new 


products 


Jack Bair has been named Chief Me 
Design Engineer for North At 
lantic Industries, Inc 


chanical 


In his new as 
signment, Bair will 
lirect design worh 
associated witl 
product diversifica 
tion and the applica 
tion of products to 
modular instrumer 
tation systems for 
aircraft, missiles 
and ground check 
out requirement 


BAIR 
Prior to joining 
the firm he was project mechanical engi 


Ree ves 


he was associated with the design of in 


neer at Instrument Corp. whet 


eruial platforms for the bomb scorin 


system used in development of toss bom! 
ing methods. He also worked extensively 
on miniaturized transistor amplifiers cd 
signed to extreme environmental and px 


formance specifications 


Dr. Robert A. Fuchs has 
tro-Optical Systems, Inc., as a 
scientist and head of the systems analysi 


joined Ek 


principa 


group of the Space Defense Systems D 
vision 

BOS, 
technical staff of 


Fuchs wa 
Spack 


where he wa 


Prior to joining 
member of the 
lechnology Laboratories 


active in systems analysis work 


Maxwell H. Harts has been appointed 
engineer for Alpha Wire 
where he will be responsible for the com 


chief Corp 


panys research and development activi 


tic maintain quality control and super 


vise the manufacture of custom ‘cables 


Brian M. Gallagher, former design 
engineer with the Electro-Motive Division 
of General Motors has been named de. 
sign engineer for Solar Aircraft Co. Beg 
C. Axley, Jr., previously with Lockheed 
Missiles and Space Division, has beep 
named chief of avionics in the research 
and development engineering division of 
Solar 


David E. Shonerd has been appointed 
vice president, en- 
gineering for Rocket 
Power, Inc a di 
vision of The Ga- 
briel Co 

Prior to 
(" the firm, 


jorning 
Shonerd 
* was assistant pro 
J gram director for 

the Minuteman 

A /# weapons 
SHONERD Space 
Before that 
Engineering, Inc., 


Systen at 
Fechnology 
laboratories he was president 
of Era 
missile instrumentation. At Rocket Power 


he will be 


dev clope rs Of 


responsible for all engineering 


relating to solid propellant 
high-altitude 


infrared enere 


operation 
rockets sounding 
SOUTCES vas 

cartridges and sp ipplication 


prope llants 


DeHavilland 
pointed G. C, I, Gardiner as Chief Execu 
Ballistic Missile Engineering. He 
relinquishes his position as Chiet Eng 
Direct ot 


Propellers Ltd p 
tive ol 
remains Technical 


neer but 


the company 


Ihree chief engineers have ap 
I. W. Air becomes chief ngineel 
Missiles; G. H. F. Brown 
enginee! Aircraft) and 
Industrial Equipment; Dr. G. H. Hough, 
chief engineer Air-to-Air Guided W 
nd C, C, Williams has beet 


ral manage! 


pointed 
of Ballistic 
chiet Propeller 


ipor ‘ 


Dr. Joseph Hull, 
list, has been promoted to Du 
Research Laboratory of Litt 


rics Electron Tube Division 


formerly 


John F. Bichle | been ippor 


ne newly 
position ol 
, \ cal Director 
Bervilium Compo 
nent Division of 
Astrometals Corp 
Bich ! De 
responsibl for di 
rection and coordi 
nation ol ( rch 
ind develoy nent 


BIEHLE 


lum, as well a 


projects on beryl 


] 


provide technical liatson 


with industry and government agenci 


He was associated wiih 


Misco 


Ludlum 


previously 
Precision Casting Co Allegheny 
Steel Corp. and Republic Steel 


Corp 
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EMPLOYMENT 





AEROSPACE 
ENGINEERS — SCIENTISTS 


...Long Range 
EXPANSION 


Beechcraft is a company where the 
ast and the present PROVE the 
uture is interesting and worthwhile. 

This is your opportunity to join an 

engineering team where: 

LEADERSHIP in engineering design and 

the production of business airplanes and 


oe support equipment is a world- 
amous Beechcraft specialty. 


DIVERSIFICATION of production contracts 
has created a diversity of creative oppor- 
tunities and employment stability at 


Beechcraft. 


COMPETITIVE SUCCESS has been proved 
with Beechcraft's winning of the Mach 3 
Alert Pod Design and Mach 2 Missile- 
Target awards. 


A LONG RANGE EXPANSION PROGRAM 
is in progress and Beech Aircraft has 
responsible positions open now on ad- 
vanced super-sonic aircraft and missile- 
target projects in the following aerospace 


fields: 


ELECTRONICS 
(Antenna, Telemetry or Circuitry Design) 


INFRA-RED 
AUTO PILOT 
MISSILE SYSTEMS 


RELIABILITY 
(Mech., Airframe or Power Plant) 


ANALOGUE COMPUTER 


DYNAMICS 
(Flutter) 


AERODYNAMICISTS 


AERO-THERMODYNAMICISTS 
(Heat Transfer) 


DESIGN 
(GSE, Airframe, Power Plant and 


Installations or Mechanical) 


For more information about a company 
with @ long range future where your 
talents will build your own future—call 
collect or write today to D. E. BURLEIGH, 
Chief Administrative Engineer, or C. R. 
Jones, Employment Manager, Beech Air- 
craft Corporation, Wichita, Kansas. 


All Expenses Paid for interview Trip 





eechcraft 


Wichita, Kansas Boulder, Colorado 
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—tontracts 


NAVY 


$809,592—-Raytheon Co., Microwave and 
Power Tube Div., Waltham, Mass., for 
electron tubes 
NASA 
$178,000—University of Cincinnati, for re- 


search in celestial 
of movements of 
tion to gravity 


mechanics; 
celestial 


the study 
bodies in rela- 


MISCELLANEOUS 


Flite-Tronics, Inc., Burbank, Calif 
design and manufacture of lab- 
test equipment. Subcontract from 
Aircraft Corp., Products Division 


$400 000 
for the 
oratory 
Hughes 


$200,000—Yardney Electric 
the manufacture of 


N.Y for 
high-rate 


Corp., 
compact, 


silver-zinc missile batteries. Subcontract 
from Convair and Convair Astronautics 
Div. of General Dynamics Corp 


$200,000—Temco 
machining of 
electronic 
contract 


Aircraft Corp., Dallas 
components of a 
countermeasures 
from Sperry 


for 
classified 
system. Sub- 
Gyroscope Co 


AIR FORCE 


$101,000,000—-General Electric Co., 
tinued development of advanced 
vehicles for Thor and Atlas 


for con- 
re-entry 
missiles 


$2,210,594—-Sperry 
nents of radar 


Rand Corp., for 
set AN/APN-59 


compo- 
and data 


$2,000,000—-Collins Radio Co., Dallas, for 
engineering, manufacture and installation 
of a microwave communication system for 


Fairchild AFB 

$323,175—Douglas Aircraft Co., Inc., Santa 
Monica, for 465 modification kits for the 
MD-1 rocket motor applicable to the 
MB-1 rocket 

$61,000-Corning Electronic Components, 


for 
delay 


Bradford, Pa., 
tiple-tapped 


feasibility study of mul- 
lines 


ARMY 


Consolidated Diesel Electric 
Conn., has received 
hydraulic services 
connection with 
surface missile 


Corp., Stamford 
follow-on orders for 
consoles to be used in 
the Lacrosse surface-to- 
Amount not disclosed 


Kearfott Co., 
sidiary of 


Inc., Little Falls 
General Precision 
Corp., has received an award to design 
develop and butid hydraulic control sys- 
tems for the Pershing missile. Amount 
not disclosed 


N.J., a sub- 
Equipment 


Technical Products Div 
Los Angeles research in the develop- 
ment of special lubricating systems for 
improved-performance drives 


Waste King Corp., 


for 
wear 


$2.617,624—Aeronutronics Div., Ford Motor 
Co., Newport Beach, Calif., for Shillelagh 
missiles, a new light-weight surface-to- 
surface-weapon used for close-in support 
of troops 


$7,500,000-—-Radioplane Div. Northrop Corp 
Van Nuys, Calif for production of 4% 
RP-76 rocket-powered target missiles 
broad flight service program to fly target 
missions for Army Air Defense practice 
teams firing Nike-Ajaz and Hercules mig. 
siles. The ground support, control, ang 
*~heckout equipment for the target missile 
system is also included 

$4,321,658—Henry C. Beck Co., Palm Beach 


Fla., for construction of a complete launch 
complex (excluding blockhouse and serve 
structure) including above grade launch 
pedestal, subpad rooms, fuel and liquid 
oxygen facilities, high-pressure gas facilj- 
ties and other supporting facilities for the 
Saturn rocket site at Cape Canaveral Mis. 
Test Annex, Patrick AFB 


sile 


$1,705,379—-Western Electric Co., for engi- 
neering and technical services in the Nike 
fleld support program 

$950,000—-Raytheon Co., Waltham, Mass., for 
engineering services for the Hawk missile 

$830,580—-Chrysler Corp., Detroit, for addl- 
tional ervice yn Redstone missile s6ys- 
tem 

$542,885--Sperry Rand Corp., Salt Lake City 
for design, engineering and fabrication of 
transistorized amplifier init 

$200,000-—Electrodynamics Corp.'s Datalab 
Div., Pasadena, Calif for magnetic-tape 


recorder /reproducers for use in connectior 


with Project Courier 
$152,175—-Sylvania Electric Products Inc., 
Waltham, Mass., for engineering study of 
satellite tracking stem 
$119,000-—-Sperry Rand Corp., Salt Lake City 
for furnishing and delivering repair parts 
for missile systems. (Two contracts 
$50,158—Monsanto Chemical Co., Everett 


Mass., for electrochemical 
ell technology 


research of fue 


$26,649--Curtiss-Wright Corp., Princeton 
N.J for preliminary design study and 
design and construction of a laboratory- 
scale thermoelectric generator for applica 
tion beyond the earth's atmosphere 


BIDS 


Procurement Branch Aberdeen Proving 


Ground, Md.--Camera, thermal image: in 
fw spec entitled Spec for Camera 
rhermal Image—1 each—IFB ORD 18-001- 
60-64. Bid opening 11 December, 1959 
Purchasing and Contracting Diy White 
Sands Missile Range, N.M., ORDBS-P&C 
Research metallograph unit—l1 each—re- 
quired delivery 120 days—IFB ORD 29- 
040-60-117—-Bid opening 14 December 59 


Bid sets available through 7 December ‘59 
Recorde! oscillographic galvanometer 
type, with one quick look magazine. Re- 
quired delivery 60 days FOB White Sands 
Missile Range, N.M Bid sets available 
through 27 November or until exhausted 
1 each IFB ORD 29-040-60-92 Bid open- 
ing 7 December 9 

Ovden Air Materiel Area Hill Air Force 
jase, Utah. Attn: Directorate of Procure- 
ment and Production 5 inch rocket 
target kit type TDU-14/B—2498 each 
IFB 42-600-60-90B—-Bid opening 21 De- 
ember ‘59. When replying mark OOPPPT 
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Aerojet-General Corp., Sub.— 
General Tire & Rubber Co. 10 
Agency—D'Arcy Adv. Co. 
Aeroquip Corp. 3 
Agency—The Fred M. Randall Co. 
American Bosch Arma Corp. 40 
Agency—Doyle, Kitchen & McCor- 


mick, Inc. 


American Machine & Foundry 


Co., Government Products 
Group 27 
Agency—Cunningham & Walsh, Inc. 
Armco Steel Corp. 34 


Agency—N. W. Ayer & Son, Inc. 


Boeing Airplane Co. 49 
Agency—Fletcher Richards, Calkins & 
Holden, Inc. 
Boeing Airplane Co., Wichita 
Div. 14 
Agency—McCormick-Armstrong 


Brunswick-Balke-Collender Co. 55 
Agency—McCann-Erickson Inc. 


Consolidated Electrodynamics 


Corp. 39 
Agency—Hixson & Jorgensen, Inc. 
Douglas Aircraft Co., Inc. 20 
Agency—J. Walter Thompson Co 
Dow Corning Corp. 7 

Agency—Church & Guisewite Adv., 
Inc. 
Eastern Air Devices, Inc. 2 
Agency—Lewis Adv. Agency 
Electro Instruments, Inc. 56 
Agency—Clyde D. Graham, Adv 
Flight Refueling, Inc. 50 


Agency—Emery Adv. Corp. 
B. F. Goodrich Aviation Prod- 
ucts, Div.-The B. F. Goodrich 
Co. 33 


Agency—Batten, Barton, Durstine & 
Osborn, Inc. 
Government Products Group, 
American Machine & Foun- 


dry Co. 27 
Agency—Cunningham & Walsh, Inc. 
Grinnell Co. 6 


Agency—Noyes & Co., Inc. 


Hallicrafters Co. 47 
Agency-—Henry B. Kreer & Co., Inc. 
Hydrodyne Corp. 48 
Agency—Curtis Winters Co., Inc 
International Business 
Machines 42, 43 
Agency—Benton & Bowles 
Kearfott Co., Inc. 15 
Agency—Gaynor & Ducas, Inc 
Kinetics Corp. 8 
Agency—Phillips Ramsey Co. 
Lockheed Aircraft Corp., Mis- 
sile System Div. 30 
Agency—Hal Stebbins, Inc. 
Midwestern Instruments 32 


Agency—Paul Locke Adv., Inc 


Radio Corp. of America, Ad- 
vanced Military Systems 38 
Agency—Al Paul Lefton Co., Inc 





ADVERTISER'S INDEX 


Sanborn Co. 19 
Agency—Culver Adv., Inc. 
Stratoflex, Inc. i8 


Agency—Magnussen 


Taber Instrument Corp. 46 
Agency—The Pursell Co. 
Thiokol Chemical Corp.., 
Rocket Div. 28, 29 
Agency—Brown & Butcher, Inc. 
Titanium Metals Corp. of 
America 12, 13 
Agency—W. L. Towne Co., Inc. 
United States Steel Corp. 44, 45 
Agency—Batten, Barton, Durstine & 
Osborn, Inc. 
Vickers, Inc. 36 


Agency—Gray & Kilgore, Inc. 
Westinghouse Electric Corp. 35 
Agency—H. W. Buddemeier Co., Inc. 

Westinghouse Electric Corp.., 
Defense Products Group 16, 17 
Agency—Ketchum, MacLeod & Grove, 


Inc. 
S. S. White Dental Mfg. Co.— 
Industrial Div. 4 
Agency—W. L. Towne Co., Inc. 
EMPLOYMENT 
American Machine & Foundry 
Co. 53 
Beech Aircraft Corp. 52 


General Electric Co. 51, 53 
Agency—Deutsch & Shea, Inc. 
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RESEARCH 
ENGINEERS 


Our expanding scientific staff is 
in need of additional personnel 
experience = in 


with specialized 


the following areas: 


Thermodynamics 
Heat Transfer 
Internal Ballistics 
Gas Dynamics 


Life-Support Systems 


Work in these areas is both Gov- 


ernment and = industrial spon- 
sored. If you have applicable ex- 
perience, and desire a permanent 
the area, 


position in Chicago 


please send a brief resume to 
Manager of Professional 
Personnel 
AMERICAN MACHINE 
AND FOUNDRY 
COMPANY 
Mechanics Research Division 
7501 North Natchez 
Niles 48, Illinois 








Circle No. 27 on Subscriber Service Card. 
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ENGINEERS, EE OR ME 


TO 4 

SALES | 

ENGINEERS 
AND | 


eee 


CONTRACT = 
ADMINISTRATORS — 
CAPABLE OF 
ASSUMING 
A HIGH DEGREE . 
OF PROFESSIONAL 
RESPONSIBILITY 


These positions are with General 
Electric's Ordnance Department, 
located in Pittsfield, Mass. 

They require engineers with 
high personal as well as technical 
qualifications. 

These engineers must deal 
effectively and harmoniously with 
high level members of the 
defense establishment and G.E. 
management. They must be capa- 
ble of exercising considerable 
decision-making responsibilities 
in consonance with the best in- 
terests of the departmeni.- 

Distinct advancement potential 
is implicit in these assignments, 
due to constant exposure to the 
broad business scope of defense 
manufacturing and procurement. 

The products which the depart- 
ment develops and manufactures 
include: 
TORPEDOES, OTHER UNDERWATER WEAPONS, 
FIRE CONTROL DIRECTORS, MISSILE 
LAUNCHING AND HANDLING EQUIPMENT, 
INERTIAL GUIDANCE AND NAVIGATIONAL + 
EQUIPMENT. 
Technical qualifications include a 
record of 2-7 years success in 
marketing, or sales work in 
defense products and/or broad 
engineering experience in field of 
military weapons. Salaries are 
commensurate with the impor- 
tance of the responsibilities. 


<a Please contact specifying 
im ~~ s\ lary requirements: 
a pees 
a=. _, Mr. R.G. O'Brien, Div, 73-WV 
\ te*/ ORDNANCE DEPARTMENT 
Ors a Of the Defense Electronics Div. 


GENERAL @@ ELECTRIC 


100 Plastics Ave., Pittsfield, Mass. 
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The DOD Tells Industry 


In an address before the American Manage- 
ment Association in New York recently, James 
P. Falvey laid down some cogent guide lines for 
industry in dealing with the military. Since Mr. 
Falvey is Deputy Assistant Secretary of Defense 
for Supply & Logistics, and since his points un- 
doubtedly had the sanction of Secretary McElroy, 
industry might well give his words some close 
attention. 

The Department of Defense, he said, expects 
American business to discard any feeling of com- 
placency with its own progress and alleged in- 
vincibility. Maybe we are tops in automobiles 
and television sets, but: 

“The cycle of industrial history has 
made a 180-degree turn. Survival does 

not depend primarily on mass produc- 

tion. We do not need any massive num- 

ber of intercontinental ballistic missiles. 

And these weapons, in large measure, 

represent craftsmanship rather than 

mass-production capability. We are now 

in a period when scientific genius, sup- 

ported by meticulous shop craftsman- 

ship, has been phenomenally successful 

in building weapons of cataclysmic fire 

power.” 

The major points he made to his manage- 
ment audience were these: 

Survival depends on what we have now 
Weapons delivered to the military must be of the 
highest possible quality and reliability—the near- 
est thing to perfection. 

The cost of weapons must be reduced. Pro- 
duce the simplest designs that will do the job. 
Make them reliable—but not gold-plated. 

Use standard components and stop redesign- 
ing out of self-interest. 

Industry has an obligation to take the initia- 
tive in eliminating superfluous requirements and 
to achieve standardization. Advise the contracting 
agency of wasteful and superfluous contractual 


requirements of any kind. 

Months of time and a great deal of money 
are frequently wasted because technical proposals 
for negotiated contracts are delayed or incom- 
plete. To be wary about disclosing full company 
data is a mistake. Procedures guarantee protec 
tion. 

Time and money will also be lost if original 
pricing proposals are not realistic. Cost data must 
be up-to-date, complete and accurate. 

As the military increases the concentration of 
military funds in costly individual projects, both 
the Department of Defense and probably Con- 
gress will insist on wider use of subcontracting. 
The Department of Defense small business sub- 
contracting program, which has been undertaken 
on a voluntary basis in the past by several hun- 
dred military prime contractors, will very soon be 
mandatory on all recipients of military prime con 
tracts of $1 million or more which offer subcon 
tracting possibilities. 

Industry must have the ability to discard old 
ideas, old weapons, obsolete equipment and un- 
needed facilities in favor of new products and 
production methods. The tendency to seek con- 
tinued production of outmoded equipment for 
any reason, including the economic interest of a 
particular locality, is an unjustified industrial 
myopia. 

These points, perhaps, are not radically new, 
but they are put with a succinct bluntness that is 
unusual outside the small, classified briefings that 
are sometimes held in the Pentagon. Couple these 
points with the stringency of the proposed 
1960-61 budget. Calculate the competition for 
military projects and weapon systems both pro- 
posed and under way. 

The conclusion seems apparent: future mili- 
tary contracts, from prime to the smallest com- 
ponent, are going to fall to the companies with 
known or demonstrable capabilities, recognized 
techniques—and sharp pencils. 


CLARKE NEWLON 


missiles and rockets, November 30, 1959 














